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ColoRectal Cancer Predicted Risk Online
(CRC-PRO) Calculator Using Data from the
Multi-Ethnic Cohort Study

Brian J. Wells, MD, PhD, Michael W. Kattan, PhD, Gregory S. Cooper, MD,
Leila Jackson, PhD, MPH, and Siran Koroukian, PhD

Background: Better risk predictions for colorectal cancer (CRC) could improve prevention strategies by
allowing clinicians to more accurately identify high-risk individuals. The National Cancer Institute’s CRC
risk calculator was created by Freedman et al using case control data.

Methods: An online risk calculator was created using data from the Multi-Ethnic Cohort Study, which
followed >180,000 patients for the development of CRC for up to 11.5 years through linkage with can-
cer registries. Forward stepwise regression tuned to the c statistic was used to select the most important
variables for use in separate Cox survival models for men and women. Model accuracy was assessed
using 10-fold cross-validation.

Results: Patients in the cohort experienced 2762 incident cases of CRC. The final model for men con-
tained age, ethnicity, pack-years of smoking, alcoholic drinks per day, body mass index, years of educa-
tion, regular use of aspirin, family history of colon cancer, regular use of multivitamins, ounces of red
meat intake per day, history of diabetes, and hours of moderate physical activity per day. The final
model for women included age, ethnicity, years of education, use of estrogen, history of diabetes, pack-
years of smoking, family history of colon cancer, regular use of multivitamins, body mass index, regular
use of nonsteroidal anti-inflammatory drugs, and alcoholic drinks per day. The calculator demonstrated
good accuracy with a cross-validated c statistic of 0.681 in men and 0.679 in women, and it seems to be
well calibrated graphically. An electronic version of the calculator is available at http://rcalc.ccf.org.

Conclusion: This calculator seems to be accurate, is user friendly, and has been internally validated

in a diverse population. (J Am Board Fam Med 2014;27:42-55.)
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Current colorectal cancer (CRC) risk prediction
strategies seem to be effective at reducing deaths
from colorectal cancer,' but they have certain lim-
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itations, including cost of the procedures, risk of
rare but serious complications such as bowel per-
foration, and poor compliance. National screening
guidelines suggest considering earlier screening for
some high-risk patients (eg, patients with a family
history of CRC) but otherwise promote a one size
fits all philosophy.” The dichotomization of pa-
tients into low- and high-risk categories based on a
single variable (eg, age =50) by the guidelines is
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unfortunate since this strategy results in a loss of
information and does not take into account other
factors associated with CRC risk. Additional estab-
lished risk factors for CRC include family history of
CRC, personal history of adenomatous colorectal
polyps, black race, obesity, lack of physical exercise,
and inflammatory bowel disease (IBD).? Other risk
factors that are less established include history of
diabetes, smoking, excessive alcohol intake, a diet
high in red meat, and preference for eating well-
done meat.”” Several possible protective factors for
CRC include nonsteroidal anti-inflammatory medi-
cations, multivitamins, and hormone replacement
therapy.’ Supplementation with vitamin E, calcium,
vitamin D, or fiber was thought to decrease risk based
on observational studies but was proved ineffective
when tested in randomized controlled trials.*~'° Pre-
vious research suggests substantial differences be-
tween men and women in terms of CRC risk.
Women may be exposed to exogenous estrogen in the
form of oral contraceptives or hormone replacement
therapy. Elevated body mass index seems to confer
different effects on CRC risk in men than in
women.'"!? In addition, at least one previous study
found that cigarette smoking was an important risk
factor for men but not for women."?

There are 2 major CRC risk calculators cur-
rently described in the literature: the Harvard Can-
cer Risk Index'* and a model by Freedman et al*’
and validated by Park et al'® for the National Can-
cer Institute (NCI). The Harvard model only pre-
dicts the risk of colon cancer, which limits its use
clinically since the screening and diagnostic testing
for rectal cancer is essentially the same as it is for
colon cancer. In addition, both the Harvard and
NCI models were created using data from case
control studies, which are prone to significant bias.
Case control studies cannot definitively determine
temporality and they are particularly prone to recall
bias when the outcome being studied is cancer.'®
This may make the calculators perform poorly
when applied to healthy patients in the future.

Accurate risk prediction estimates might im-
prove the efficiency of screening by targeting high-
risk patients with earlier or more frequent screen-
ing and by either delaying or foregoing screening
in very low-risk individuals. There are limited
colonoscopy resources, and each additional proce-
dure carries costs and the potential for complica-
tions.!” In addition, there may be a role for chemo-
preventive medications in some patients. Nonsteroidal

anti-inflammatory medications have been shown to
prevent adenomatous polyps but in general have
not been found to be cost-effective for CRC pre-
vention in patients at average risk.'®'? Improved
chemoprevention with fewer side effects may be
possible with the combination of sulindac and di-
fluoromethylornithine,?® which may be cost-effec-
tive if reserved for high-risk individuals.

The Multiethnic Cohort Study (MEC) provides
a potential data source for creating a new CRC
calculator. The MEC is a large, prospective survey
of a diverse population of residents from California
and Hawaii who are >45 years old. Patients were
followed for up to 11.5 years until death, the de-
velopment of CRC, or until December 31, 2004.
Details of the survey have been described else-
where.?! The MEC is an excellent source of data
because it contains detailed information about ex-
posure and has a large proportion of racial/ethnic
minorities. In addition, the ascertainment of CRC
was performed by linking with cancer registries in
California and Hawaii, states that have state-wide,
population-based cancer registries. Mortality was
ascertained with linkages to death certificate files in
Hawaii and California. Additional state cancer reg-
istries and the National Death Index were used to
obtain outcomes for patients known to have moved
out of state. Patients were actively followed
through an annual newsletter that helped to main-
tain current addresses, and they were periodically
contacted directly for follow-up questionnaires.
Loss to follow-up was <1%.

The Cancer Risk Prediction Models Workshop
held in 2004 by the NCI in Washington, DC,
recommended that risk prediction models incorpo-
rate more minority patients and encouraged new
risk models to be simple and user-friendly.> The
goal of this project was to create an easy to use
CRC calculator using the ethnically diverse popu-
lation of patients available in the MEC. The idea
was not to create a model for patients to use in the
hope of changing behavior (which would require
assumptions regarding cause and effect), but rather
to create a model that could quickly provide a
clinician with an accurate estimate of the patient’s
risk. The hope was to perform a head-to-head com-
parison of this new calculator with the existing NCI
calculator. There were, unfortunately, differences
in variable definitions between the MEC and the
NCI datasets that made it difficult to accurately
calculate the NCI predicted risk in the MEC co-
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Table 1. Differences between Variable Definitions in the Freedman (aka National Cancer Institute) Calculator and

the Multiethnic Cohort Study

Variable

National Cancer Institute Definition

Multiethnic Cohort Study

Estrogen

Asks about estrogen use in the past 2
years. Also asks about menopausal

Does not specifically ask about estrogen use
in the past 2 years

status and allows different estrogen
effects depending on menopausal

status
Vegetable intake

Family history of colorectal cancer

rectum

Activity Defined according to the number of

“In the past 30 days, about how many
servings per week of vegetables or
leafy green salads did you eat?” (cups)

Number of first-degree relatives with a
history of cancer of the colon or

Vegetables quantified according to grams
per day based on detailed food frequency
questionnaire

Family history of colon cancer in first-
degree relative (yes or no)

Only asked about current activity level

hours of activity in the past week, but
also requires detailed information
about how many months the
participant was active in the past year

Nonsteroidal anti-inflammatory drugs ~ Regular use defined as 3 times per week

and aspirin

Regular use was defined as twice per week

hort. Differences in variable definitions between
the NCI and the MEC are depicted in Table 1.

Methods

The calculator resulting from this study was created
using data from the MEC described above. Individ-
uals with a history of CRC or adenomatous polyps
were excluded from the analysis, resulting in a final
sample size of 180,630 patients, of whom 2762 devel-
oped CRC. The following risk factors were measured
at baseline in the MEC and were included as candi-
date variables in our final model: age (continuous); sex
(male vs female); personal history of cancer (dichot-
omous); body mass index (continuous); regular aspirin
use (currently, previously, or no); family history of
colon cancer (dichotomous); estrogen use (currently,
previously, or no); daily alcohol intake (continuous);
regular multivitamin usage (currently, previously, or
no); hours of moderate or strenuous activity per day
(continuous); primary race/ethnicity (black, Hawai-
ian, Japanese, Latino, or white); diabetes (dichoto-
mous); years of education (continuous); pack-years of
smoking (continuous); regular use of nonsteroidal
anti-inflammatory drugs (NSAIDS) (currently, previ-
ously, or no); intake (in ounces) of red meat per day
(continuous); and preference for well-done meat (di-
chotomous). Continuous variables were modeled us-
ing restricted cubic splines, which use calculus to
describe the nonlinear relationships between the pre-
dictor variables and the outcome.”* Categorization of
continuous variables is frequently done but results in

a loss of information and decreased prediction accu-
racy.”*** Categorization is no longer necessary with
computer-based calculator interfaces.

Detailed dietary questions were not included since
randomized trials for fiber and vitamin supplementa-
tion proved ineffective at preventing adenomatous
colorectal polyps and/or CRC. In additon, it was
important to keep the calculator simple by avoiding
detailed dietary questions. It is unfortunate that the
initial MEC survey did not contain information re-
garding IBD disease, sigmoidoscopy, or colonoscopy;
as a result, these risk factors could not be included.

Because of the potential differences in risk between
men and women, we decided to create separate risk
calculators for men and women to keep the models
simple while allowing the greatest flexibility in the
selection of variables without increasing the work
required by the end user. The decision to create
separate models for men and women also obviated the
need to include other interactions in the model since
there were no clear interactions described in the lit-
erature that did not involve sex. As recommended by
Harrell et al,*® # posteriori interactions were not ex-
plored because of the possibility of spurious findings
and unnecessary model complexity.

Missing data were imputed using the “mice”
package for R in which all the predictor variables
were used in regression equations to impute the
missing values without knowledge of the out-
come.?’ Table 2 displays the missing data for each
of the variables. Models for predicting the risk of

44 JABFM January-February 2014 Vol. 27 No. 1

http://www.jabfm.org

yBuAdod Ag pa1osioid 1senb Ag 920z udy 6T uo /Bio wjgel-mmw/:dny woiy papeojumoq +T0Z Arenuer € uo 0r00ET TO+T0Z Wiqel/zZTE 0T Se paysiiqnd sy :psN wed preog wy ¢


http://www.jabfm.org/

Table 2A. Descriptive Statistics for Men by Colorectal Cancer QOutcome in the Multiethnic Cohort Study

(n = 80,062)
Developed Colorectal Cancer

Characteristics No (n = 78,576) Yes (n = 1,486) Patients with Missing Data
Mean age, years (SD)* 59.8 (8.9) 64.2 (7.8) 0(0.0)
Race/ethnicity* 0 (0.0)

Black 11,202 (14.3) 231 (15.5)

Hawaiian 5,565 (7.1) 105 (7.1)

Japanese 22,247 (28.3) 558 (37.6)

Latino 19,879 (25.3) 301 (20.3)

White 19,683 (25) 291 (19.6)
Mean pack-years smoking (SD)* 13.9 (16.6) 17 (18.4) 3,088 (3.9)
Alcohol, mean drinks/day (SD)*" 1.0 (2.3) 1.3 (2.6) 0(0.0)
Mean years of education (SD)* 13.2(3.4) 13 (3.1) 884 (1.1)
Family history of colon cancer* 6,030 (7.7) 156 (10.5) 11,015 (13.8)
Mean body mass index (SD) 26.6 (4.1) 26.6 (4.2) 753 (0.9)
Regular use of aspirin* 7,439 (9.3)

No 46,001 (58.5) 901 (60.6)

Yes, not currently 13,795 (17.6) 255(17.2)

Yes, currently 18,780 (23.9) 330(22.2)
Regular use of multivitamins*® 37,395 (47.6) 627 (42.2) 4,189 (5.2)
Diabetes* 9,749 (12.4) 214 (14.4) 0(0.0)
Mean hours of moderate activity per day (SD)* 1.3 (1.5) 1.2 (1.4) 3,590 4.5)
History of cancer 7,038 (9.0) 130 (8.7) 1(<0.1)
Preference for well-done meat 34,122 (43.4) 625 (42.1) 2,327 (2.9)
Mean intake of red meat per day, oz (SD)* 2.6(2.1) 2.5(1.9) 0(0.0)
Regular use of NSAIDs** 10,214 (12.8)

No 57,852 (73.6) 1,146 (77.1)

Yes, not currently 12,924 (16.4) 207 (13.9)

Yes, currently 7,800 (9.9) 133 (9)

Data are n (%) unless otherwise indicated. The Multiethnic Cohort study enrolled an ethnically diverse mix of residents from Hawaii

and California between 1993 and 1996.
*Statistically significant in univariate analysis (P < .05).

TOne alcoholic drink is defined as 1 oz of alcohol, which is approximately equivalent to one 12 oz beer, one 4-oz glass of wine, or 1

shot of liquor.
At least twice a week for 1 month or longer.
SAt least once per week for the past year.

NSAIDS, nonsteroidal anti-inflammatory drugs; SD, standard deviation.

CRC in men and women were fit using Cox regres-
sion from the time of the initial survey until the
development of CRC or death.

Variable selection was performed using a
modified version of forward stepwise regression
that was tuned to Harrell’s c-statistic,”® which
will be referred to herein as the forward stepwise
c-statistic. In a previous study involving 100 ran-
dom cross-validations of 4 separate datasets, the
forward stepwise c-statistic was the most likely to
produce the most accurate model (highest c-sta-
tistic) when compared with traditional forward or
backward stepwise regression and Harrell’s
model approximation.”” The forward stepwise

c-statistic was determined by simply calculating
the apparent c-statistic for each possible 1-vari-
able model, selecting the most accurate variable,
and then sequentially adding additional variables
to the model by repeating this process until the
c-statistic no longer increased (or the full model
is reached).

The regression equations used to create the
models also were used to construct a free online
version of the calculator using the Cleveland
Clinic Risk Calculator Constructor (http://
makercalc.ccf.org). The models were internally
validated using 10-fold cross-validation to assess
both discrimination (c-statistic) and calibration
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Table 2B. Descriptive Statistics for Women by Colorectal Cancer Outcome (n = 100,568)

Characteristics

Developed Colorectal Cancer

No (n = 99,292)

Yes (n = 1,276)

Patients with Missing Data

Mean age, years (SD)*
Race/ethnicity*
Black
Hawaiian
Japanese
Latino
White
Mean pack-years smoking (SD)*
Alcohol intake (mean drinks/day [SD])*'
Mean years of education (SD)
Family history of colon cancer*
Mean body mass index (SD)
Regular use of aspirin*
No
Yes, not currently
Yes, currently
Regular use of multivitamins*®
Diabetes*
Mean hours of moderate activity/day (SD)
History of cancer
Preference for well-done meat*
Mean intake of red meat per day, oz (SD)*
Regular use of NSAIDs**
No
Yes, not currently
Yes, currently
Estrogen use*!
No
Yes, not currently

Yes, currently

59.5 (8.8)

19,694 (19.8)
7,464 (7.5)
26,500 (26.7)
21,730 (21.9)
23,904 (24.1)

6.6 (12.1)
0.3 (1.1)
13.0 3.3)
9,165 (9.2)
264 (5.5)

61,593 (62)
19,193 (19.3)
18,506 (18.6)
53,596 (54)
10,910 (11)
1.1(1.2)
11,576 (11.7)
53,082 (53.5)
1.7 (1.6)

62,132 (62.6)
21,284 (21.4)
15,876 (16)

53,754 (54.1)
17,752 (17.9)
27,786 (28)

64 (7.9) 0 (0.0)
0 (0.0)
347 (27.2)
77 (6)
413 (32.4)
194 (15.2)
245 (19.2)
7.4(12.8) 3,739 3.7)
0.4 (1.6) 0 (0.0)
12.8 2.9) 1,255 (1.2)
174 (13.6) 12,707 (12.6)
26.6(5.7) 2,346 (2.3)
4,971 (4.9)
806 (63.2)
234 (18.3)
236 (18.5)
625 (49) 2,649 (2.6)
188 (14.7) 0 (0.0)
1(1.2) 2,420 2.4)
151 (11.8) 0 (0.0)
739 (57.9) 1,287 (1.3)
1.6 (1.4) 0 (0.0)
6,488 (6.2)
849 (66.5)
266 (20.8)
161 (12.6)
3,277 3.1)
709 (55.6)
278 21.8)
289 (22.6)

Data are n (%) unless otherwise indicated. The Multiethnic Cohort study enrolled an ethnically diverse mix of residents from Hawaii

and California between 1993 and 1996.

*Statistically significant in univariate analysis (P < .05).
TOne alcoholic drink is defined as 1 oz of alcohol, which is approximately equivalent to one 12 oz beer, one 4 oz glass of wine, or one shot of liquor.

At least twice a week for 1 month or longer.

SAt least once per week for the past year.

IEstrogen use was defined as female hormones administered by pill, injection, or patch for menopause or other reasons.
NSAID, nonsteroidal anti-inflammatory drug; SD, standard deviation.

(assessed graphically). Statistical calculations
were performed using R version 2.10 with the
Design library (available at http://www.r-project.

org).

Results

Participants in the MEC had a mean age of 59.7
years at baseline, and there were 2762 incident
cases of CRC. Detailed descriptive statistics ac-
cording to sex and CRC outcome for the vari-

ables included in the final models are shown in
Table 2A (men) and B (women). In univariate
analyses among both men and women, the fol-
lowing factors were significantly associated with
risk of CRC: age, race, smoking, alcohol intake,
family history of colon cancer, multivitamin use,
diabetes, and regular use of NSAIDs. Years of
education and hours of activity per day were
associated with CRC in unadjusted analyses
among men only, whereas intake (in ounces) of
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Table 3A. Variable Impact on the Apparent C-Statistic for the Colorectal Cancer Model in Men

Variable C-Statistic Change in C-Statistic Variables (n)
No Model 0.5 — 0

Age 0.663280 0.163280 1
Race/ethnicity 0.672989 0.009710 2
Pack-years of smoking 0.678214 0.005224 3
Alcoholic drinks per day 0.681442 0.003229 4
Body mass index 0.684263 0.002821 5

Years of education 0.686596 0.002333 6
Regular use of aspirin 0.688405 0.001809 7
Family history of colon cancer 0.689931 0.001526 8
Regular use of multivitamins 0.691143 0.001212 9

Red meat intake (oz) per day 0.691765 0.000622 10
History of diabetes 0.692365 0.000600 11
Moderate physical activity per day (hours) 0.692879 0.000513 12
History of cancer® 0.693176 0.000297 13
Regular use of NSAIDs* 0.693397 0.000221 14
Preference for well-done meat* 0.693538 0.000141 15 (Full)

The outcome was colorectal cancer.

*The variable was excluded from the final model because of the relatively small amount of additional prediction accuracy that it could
have contributed to the model. The final model, which included 12 variables, had an apparent c-statistic of 0.6929, which was within
0.001 of the accuracy associated with the c-statistic of the full model, which was 0.6935.

NSAIDS, nonsteroidal anti-inflammatory drugs.

red meat per day, preference for well-done meat, Table 3A and B shows the absolute contribution
and use of estrogen were associated with CRC in  that each additional variable made on the c-statistic
women only. for men and women, respectively. Age had a sub-

Table 3B. Variable Impact on the Apparent C-Statistic for the Colorectal Cancer Model in Women

Variable C-Statistic Change in C-Statistic Variables (n)
No Model 0.5 — 0

Age 0.657655 0.157655 1
Race/ethnicity 0.667666 0.010010 2

Years of education 0.670909 0.003243 3

Use of estrogen 0.674048 0.003139 4
History of diabetes 0.676648 0.002600 5
Pack-years of smoking 0.679123 0.002476 6
Family history of colon cancer 0.680963 0.001839 7
Regular use of multivitamins 0.682497 0.001534 8

Body mass index 0.683796 0.001300 9
Regular use of NSAIDs 0.684893 0.001097 10
Alcoholic drinks per day 0.685869 0.000976 11
Preference for well-done meat* 0.686268 0.000399 12
Moderate physical activity per day (hours)* 0.686525 0.000257 13
Regular use of aspirin® 0.686790 0.000266 14

Red meat intake per day (oz)* 0.686869 0.000078 15
History of cancer® 0.686865 -0.000003 16 (Full)

The outcome was colorectal cancer.

*The variable was excluded from the final model because of the relatively small amount of additional prediction accuracy that it could
have contributed to the model. The final model, which included 11 variables, had an apparent c-statistic of 0.6859, which was within
0.001 of the accuracy associated with the c-statistic of the full model, which was 0.6869.

NSAIDS, nonsteroidal anti-inflammatory drugs.
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Figure 1A. Nomogram for predicting colorectal cancer risk in men. Instructions: Draw a perpendicular line from
the patient’s age to the “points” axis and record the value. Repeat this process for the remaining variables and
tally. The 10-year risk of colorectal cancer (CRC) is identified where a line drawn straight down from the “total
points” axis intersects the “10-year risk of CRC (%).” Please note that the “years of education” variable has a
U-shaped relationship with the 10-year risk of CRC. That is, the lowest risk of CRC occurs at 8 years and increases
as you move along the top of the axis from left to right until reaching the highest risk at 14 years, and then it

decreases along the bottom of the axis as you move to the left from 14 to 16 years.
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stantially stronger effect on the accuracy of the
model than any of the other variables for both men
and women. Race/ethnicity was the second most
important variable for both sexes, and the relative
importance of the additional variables were differ-
ent between the sexes. The regular use of NSAIDs
was an important predictor for women but not for
men, whereas a personal history of cancer was not
an important predictor variable for either sex. The
final models contained 12 variables and 11 variables

for men and women, respectively. These sized
models were chosen because the c-statistic was
within 0.001 of the maximal c-statistic that could be
achieved with a full model.

Figure 1A and B shows the paper-based nomo-
grams for calculating risk of CRC in men and
women, respectively. The nomograms provide a
visual method for quickly identifying the relation-
ship between predictor variables and outcome and
provide a general idea of the relative impact that
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Figure 1B. Nomogram for predicting colorectal cancer risk in women. NSAIDS, nonsteroidal anti-inflammatory drugs.
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different values of the variable of interest might
have on risk. As you move to the right along any
variable axis, the risk of CRC increases and the length
of the axis shows the maximum contribution that any
variable may have on overall risk. Age had the highest
potental effect on risk of CRC for both sexes. The
relationship between variables and risk of CRC seems
to be consistent with the existing literature, except
that the years of education variable has a j-shaped
relationship for both men and women. Table 4 dis-
plays the multiple regression models using hazard
ratios. Continuous variables were modeled using re-
stricted cubic splines, and therefore a consistent haz-
ard ratio for each incremental increase in a continu-
ous variable cannot be displayed. Therefore, Table 4
shows the hazards associated with the 75th percentile

versus the 25th percentile for these variables. Individ-
uals at the 75th percentile for age (67 years in both
men and women) were approximately 3 times more
likely to be diagnosed with CRC than someone aged
52 years (point estimate of 3.03 in men and 2.81 in
women). Coefficients for the final models are dis-
played in Table 5.

The median predicted 10-year risk of CRC was
1.0% in women and 1.6% in men. The percentage
of men with a 10-year risk <1% was 29.5%,
whereas >48% of women had a 10-year risk <1%.
In contrast, there were 2600 men (3.2%) and 206
women (0.2%) who had a predicted 10-year risk
>5%. A preponderance of men with a risk of >5%
were Japanese (66.6%), whereas 74.8% of the
women with a risk >5% were black.
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Table 4A. Adjusted Multiple Regression Analysis for Colorectal Cancer in Men

Adjusted Hazard Ratio

Variable Comparison Groups* Point Estimate 95% CI
Age (years) 67 vs 52 3.03 2.69-3.41
Diabetes Yes vs no 1.12 0.96-1.30
Regular multivitamin use Yes vs no 0.83 0.74-0.92
Family history of colon cancer Yes vs no 1.27 1.08-1.51
Education (years) 16 vs 12 0.94 0.85-1.03
Race/ethnicity Black vs white 1.18 0.99-1.42

Hawaiian vs white 1.39 1.10-1.75

Japanese vs white 1.52 1.31-1.77

Latino vs white 1.03 0.86-1.23
Body mass index (kg/m?) 28.7vs 23.8 1.12 1.04-1.21
Alcoholic drinks per day (n) 1.15vs 0 1.26 1.13-1.41
Moderate activity per day (hours) 1.6 vs 0.4 0.92 0.83-1.02
Regular aspirin use Not currently vs no 0.97 0.84-1.11

Yes vs no 0.81 0.71-0.92
Pack-years smoking (n) 19.8 vs 0 1.06 0.93-1.21

*Continuous variables were modeled using restricted cubic splines with 3 knots. Comparison groups for the continuous variables are
based on the 75th percentile versus the 25th percentile.

CI, confidence interval.

The 10-fold cross-validation revealed bias-adjusted
c-statistics of 0.681 (95% confidence interval [CI],
0.669-0.694) and 0.679 (95% ClI, 0.665—0.692) in men
and women, respectively. Calibration curves, which sug-
gest that the models are well calibrated, are shown in

Table 4B. Adjusted Multiple Regression Analysis for Colorectal Cancer in Women

Figure 2A and B for men and women, respectively. An
online version of the CRC-PRO calculator that provides
calculations for men and women is available on the
Cleveland Clinic calculator site (http://rcalc.ccf.org) un-
der the heading “Colorectal Cancer.”

Adjusted Hazard Ratio

Variable Comparison Groups* Point Estimate 95% CI
Age (years) 67 vs 52 2.81 2.48-3.18
Diabetes Yes vs no 1.26 1.08-1.48
Regular use of multivitamins Yes vs no 0.85 0.76-0.95
Family history of colon cancer Yes vs no 1.37 1.17-1.61
Education (years) 14vs 12 1.01 0.97-1.06
Race/ethnicity Black vs white 1.41 1.18-1.67
Hawaiian vs white 1.10 0.85-1.44
Japanese vs white 1.43 1.20-1.70
Latino vs white 0.95 0.77-1.17
Body mass index (kg/m?) 293 vs22.5 1.10 1.00-1.21
Alcoholic drinks per day (n) 0.1vs0 0.99 0.93-1.06
Regular use of NSAIDs Not currently vs no 0.95 0.83-1.10
Yes vs no 0.79 0.66-0.94
Pack-years of smoking (n) 8.9vs0 1.20 1.05-1.38
Estrogen use Not currently vs no 0.96 0.83-1.10
Yes vs no 0.78 0.68-0.90

*Continuous variables were modeled using restricted cubic splines with 3 knots. Comparison groups for the continuous variables are
based on the 75th percentile versus the 25th percentile.

CI, confidence interval; NSAIDS, nonsteroidal anti-inflammatory drugs.
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Table 5A. Coefficients for the Model Predicting
Colorectal Cancer in Men

Table 5B. Coefficients for the Model Predicting
Colorectal Cancer in Women

Standard Standard

Variables Coefficient Error Variable Coefficient Error

Age* Age*

Linear component 0.0917 0.0106 Linear component 0.0900 0.0112
Nonlinear component —0.0234 0.0106 Nonlinear component —0.0276 0.0114
Diabetes 0.1102 0.0758 Diabetes 0.2333 0.0821
Regular use of —0.1918 0.0532 Regular use of multivitamins —0.1665 0.0568
multivitamins Family history of colon cancer 0.3159 0.0820

Family history of colon 0.2425 0.0850 Years of education®

R Linear component 0.0744 0.0204
eir's oF education . 0.0721 0.0181 Nonlinear component —0.0757 0.0212

inear . .
nea' componen Race/ethnicity
Nonlinear component —-0.0734 0.0193 .

Race/ethnici Hawaiian —0.2410 0.1284
ace/ethnicity Japanese 0.0140 0.0844
Hawaiian 0.1609 0.1208 .

J 0.2535 0.0820 Latino —0.3967 0.0977
Apanese : ‘ White ~0.3406 0.0892
Latino —0.1366 0.0925 )
) Body mass index
White —0.1673 0.0921 :

Bod dex* Linear component 0.0075 0.0146

OL,y s IEex . 0.0180 0.0162 Nonlinear component 0.0121 0.0177
1nea.r componen ' ' Alcoholic drinks per day
Nonlinear component 0.0090 0.0194 .

Alcoholic drinks davt Linear component —0.0886 0.3046

;j), e ann pert v 02838 0.0752 Nonlinear component 0.4092 0.7886
inear . .
nea' componen Regular use of NSAIDs

Nonlinear component —1.7375 0.5356

a £ moderate activi Yes, not currently —0.0464 0.0731
Ougsef d‘;;‘l erate actvity Yes ~0.2370 0.0887
Linear component ~0.0907 0.0702 Pack-years of smoking'

Nonlinear component 0.1103 0.1496 Linear component 0.0627 0.0498

Regular aspirin use Nonlinear component 1 —1.8515 2.1240
Yes, not currently ~0.0323 0.0719 Nonlinear component 2 2.2999 2.6795
Yes ~0.2096 0.0655 ~ [Estrogenuse

Pack-years of smoking* Yes, not currently —0.0443 0.0719
Linear component 0.0002 0.0059 Yes —0.2450 0.0724
Nonlinear component 0.0177 0.0170

*Continuous variables were modeled using restricted cubic splines
with 3 knots. Therefore, continuous variables contain one coefficient
for the linear component and a nonlinear component.

Discussion

The user-friendly CRC risk calculator created in
this project seems to have good prediction accuracy
and to be well calibrated in the 10-fold cross-vali-
dation. There is always a trade-off between model
complexity and prediction accuracy. The models in
this study were limited to 11 or 12 variables because
of the very meager gains in accuracy beyond this
model size. The full models for both men and
women had apparent c-statistics that were <0.001
better than the final chosen models, which is un-
likely to provide any meaningful benefit in clinical
practice. It was surprising to see the dominance of

*Continuous variables were modeled using restricted cubic
splines with three knots. Therefore, continuous variables con-
tain one coefficient for the linear component (displayed first)
and a non-linear component (displayed in the next row and
denoted with a single quotation mark).

TUnable to obtain a natural spline using 3 knots and therefore
restricted cubic splines with 4 knots were used for this variable.
NSAIDS, nonsteroidal anti-inflammatory drugs.

age, in terms of prediction accuracy, for the models
of both men and women. A single-variable model
containing only age had bias-corrected c-statistics
of 0.657 (95% CI, 0.628-0.685) and 0.662 (95%
CI, 0.636-0.688) in women and men, respectively.
At first glance, the ability of age to predict CRC
this well by itself may argue for the current practice
of creating screening guidelines based largely on
age alone. However, there may still be individual
patients of the same age whose risk of CRC could
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Figure 2. Calibration curve for the prediction in men (A) and women (B). The calibration curves were created by
plotting the mean predicted risk of colorectal cancer in each quintile of risk on the x-axis against the
corresponding Kaplan-Meier (K-M) estimated incidence in the same quintile. Error bars reflect the 95%
confidence interval around the K-M estimate. The risks are displayed as probabilities. Perfect calibration would

fall directly on the 45-degree line.
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vary greatly. For example, a 50-year-old woman
with the lowest risk possible according to the fe-
male nomogram in Figure 1B would have a 10-year
risk of CRC of approximately 0.2%, whereas a
50-year-old at the highest risk, according to the
extremes on the nomogram, would have a risk that
is >10 times higher (ie, >2%).

It is hoped that future cost-effectiveness analyses
and clinical guidelines involving CRC screening will
focus on absolute risks based on sophisticated risk
models rather than simple patient categories. The
American Diabetes Association recently adopted this
type of strategy with its recommendation that aspirin
for the prevention of cardiovascular disease among
patients with type 2 diabetes should be based on
absolute risk of cardiovascular disease.’® The current
joint guidelines for CRC screening recommend
screening for all average-risk individuals starting at
age 50.7 The 10-year probability of CRC for both
men and women of all races at age 50 is approximately
0.646%.’" A look at the MEC data shows that 81.9%
of men but only 57.0% of women between 50 to 55
years of age without a history of intestinal polyps have
a 10-year probability of CRC that is =0.646%. A
cost-effectiveness analysis that uses individual patient
risk probabilities could help to better delineate the
exact risk threshold at which screening becomes cost-
effective.

Some researchers have suggested that absolute
cutoffs for c-statistics can reflect the quality of a
model (eg, a c-statistic >0.7 is considered to be
good). In reality, any model with a c-statistic >0.5
may have clinical utility. The current model is
more accurate than predicting risk with age alone
and, as shown above, could result in a significant
change in practice. However, the relatively low
c-statistic does seem to indicate that important risk
factors are conspicuously missing.

The nomograms revealed relationships between
predictor variables and CRC that are largely con-
sistent with the existing literature. It is also some-
what artificial to evaluate a single variable in the
nomogram. In the real world, a change to one
independent variable (ie, a patient characteristic) is
almost always associated with changes to other
variables. The goal of this calculator was not to
evaluate the relationship between individual vari-
ables and CRC risk with the aim of changing be-
haviors, but rather to develop the most accurate
overall risk prediction possible for tailoring screen-
ing and prevention strategies.

Because of differences in the datasets and variable
definitions, it was, unfortunately, not possible to com-
pare the accuracy of the models in this study head-
to-head with the NCI calculator. In theory, the pre-
dictions obtained from this calculator should be more
accurate than the NCI model because of the large
sample size, the prospective data analysis, and the
avoidance of the categorization of continuous vari-
ables. We hope that future analyses can directly com-
pare the calculators using another dataset.

As mentoned previously, the MEC does not contain
information about IBD, which is a known CRC risk
factor. The estimated prevalence of Crohn’s disease and
ulcerative colitis in North America ranges from 37 to
246 and 26 to 199 cases per 100,000, respectively.’? In
practice, patients with IBD should undergo more ag-
gressive screening and prevention strategies, as reflected
in a separate set of guidelines that have been established
for these patients.” Tt would have been ideal to have
excluded patients with IBD from the creation of the risk
calculator. Ignorance of IBD status could have artificially
reduced the accuracy of the calculated prediction, but it
is unlikely that this had a tremendous effect since the
expected number of padents with IBD in the MEC
should only be a few hundred.

Also mentioned previously, the initial survey of
the MEC did not ask about a history of large-bowel
endoscopy. Although this question was asked of a
significant portion of the original patients in a fol-
low-up survey, we did not feel it was appropriate to
include this variable since the information was not
known at baseline.

The large proportion of patients in the MEC
who had a predicted 10-year risk of CRC <1%
suggests that it may become reasonable clinically to
delay or forgo colonoscopy in some very low-risk
patients. This may be especially true for women
since 1475 of the women in the study with a pre-
dicted risk <1% were at least 65 years old. Some
experts have already suggested that a once-per-
lifetime colonoscopic screening may be cost-effec-
tive in low risk patients.**

In contrast, there were more than 2806 patients
who had a 10 year risk =5%. In comparison, a meta-
analysis of ulcerative colitis found a 2% cumulative
incidence of CRC 10 years after diagnosis.”> This
raises the possibility that some of these high-risk pa-
dents might benefit from more aggressive preventive
measures. NSAIDS have clearly been shown to re-
duce the risk of adenomatous polyps in randomized
trials’*~® and seem to reduce the risk of CRC in at
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least one post-trial analysis.”” A couple of decision
analyses have found that NSAIDS would save lives
but would not be cost-effective in average-risk pa-
tients.'®'**¥ A combination regimen comprising a
low-dose NSAID (sulindac) combined with a low-
dose chemotherapeutic drug (difluoromethylorni-
thine) has been successful at preventing recurrent
adenomatous polyps with few side effects.’®**~* Tt is
possible that this regimen could prove to be a cost-
effective adjunct to current prevention strategies in
some patients, especially given the extremely poor
compliance with current CRC screening guidelines.
Itis hoped that the calculator created in this study can
help to improve the assessment of CRC risk in individ-
ual patients and encourage the use of absolute risk
thresholds for decision making. Cost-effectiveness anal-
yses may be needed to determine the exact effect that
this improved prediction may have on clinical care.

The authors would like to acknowledge the assistance of Steph-
anie Kocian in editing the manuscript.
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