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A user-friendly objective prediction model in predicting colorectal cancer
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Background: Prediction models of colorectal cancer (CRC) had limited application for not being user-friendly. Whether
fecal immunochemical tests (FITs) can help predict CRC has been overlooked.
Patients and methods: With 1972 CRCs identified, 234 044 adults aged �40 years were successively enrolled between
1994 and 2008. Prediction models were developed by questionnaire/medical screening and quantitative FIT. NNS
(number needed to scope to find one cancer) is time dependent, spanning entire study period. Significant ‘risk
factors’ were family history, body mass index, smoking, drinking, inactivity, hypertension, diabetes, carcinoembryonic
antigen, and C-reactive protein.
Results: Positive FIT (�20 mg/g hemoglobin/feces) had cancer risk 10-fold larger than negative FIT, and within each age
group, another 10-fold difference. The C statistic of FIT (0.81) with age and sex alone was superior to the ‘common risk-
factors’ model (0.73). NNS, stratified by age and by FIT values, demonstrated a scorecard of cancer risks, like 1/15 or 1/
25, in 5 years. When FIT was negative, cancer risk was small (1/750-1/3000 annually). The larger the FIT, the sooner the
appearance of CRC. For every 80-mg/g increase of FIT, there were 1.5-year earlier development of CRC incidence and 1-
year earlier development of CRC mortality, respectively. Given the same FIT value, CRC events appeared in the proximal
colon sooner than the distal colon.
Conclusions: A simple user-friendly model based on a single FIT value to predict CRC risk was developed.When positive,
NNS offered a simple quantitative value, with a better precision than most risk factors, even combined. When FIT is
negative, risk is very small, but requiring a repeat every other year to rule out false negative. FIT values correlated
well with CRC prognosis, with worst for proximal CRC.
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INTRODUCTION

With >1.9 million new colorectal cancer (CRC) cases and
935 000 CRC-related deaths in 2020, CRC has ranked third in
incidence and second in cancer-related mortality globally.1

The incidence and mortality of CRC in the United States
even increased for subjects younger than 50 years, with
17 930 cases and 3640 deaths.2 The incidence of CRC is
expected to increase with escalating Human Development
Index, but these may be mitigated by appropriate screening
and healthy behavior.3 In Taiwan, the age-standardized
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incidence rate of CRC has increased from 25.46/100 000
persons in 2002 to 42.9/100 000 persons in 2017.4 To
reduce the large cancer burden of CRC, early detection with
follow-up intervention has become a mandatory public
health goal.

Prediction model is a simple tool to identify the high-risk
individuals so that colonoscopy or risk reduction efforts can
be implemented in a timely manner.5 There have been
numerous CRC prediction models published in the litera-
ture,6-20 but their applications have been limited because
there are no sufficiently strong risk factors identified to
make prediction models worth the clinical effort.21-23

Fecal immunochemical test (FIT), an alternative to colo-
noscopy, is commonly listed as one of the two first-tier
screening tests for CRC. When FIT is viewed as a
screening test for CRC, it has a very high false-positive rate,
>90%,24 implying that most positive FITs do not lead to
CRC. The reality is that FIT is not a stand-alone screening
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test but relied on identifying higher-risk individuals for co-
lonoscopy. A positive FIT provides a measure of risks, just
like a positive family history, and should be treated as such.
However, most FIT used in the published models was not
quantitative but dichotomous, yielding positive or nega-
tive.25-27 The application of the quantitative FIT values in
CRC prediction model has not been fully studied.

A CRC prediction model with quantitative FIT test results
was developed in 234 044 individuals nearly followed up for
15 years. A step-wise inclusion of risk factors from general
common history, CRC-specific history, FIT results, and
additional blood indices was made in developing prediction
models. The objective of the study is to assess the value of
applying quantitative FIT in improving the model.
MATERIALS AND METHODS

Patients and ethical considerations

The cohort consisted of 234 044 participants aged �40
years without known cancers, 109 646 men and 124 398
women, in MJ Health Management Institution (MJ) for self-
paying medical screening in Taiwan.28 The cohort were
enrolled between 1994 and 2008, and they were followed
till the end of 2008. A total of 1972 cases of CRC were
identified in a mean follow-up duration of 7.4 years.
Informed consent from each participant and the ethical
review from the Institutional Review Board at National
Health Research Institutes of Taiwan have been approved.
Data extraction and management

Each participant submitted a detailed history questionnaire
before receiving physical examinations, and overnight fast-
ing blood samples were assayed. The participant preserved
an uncontaminated fecal sample in a plastic container with
a liquid buffer and returned the sample within 1 day. The
samples were stored in a 4�C refrigerator and were
analyzed by the automated OC sensor instrument (Eiken
Chemical Company, Tokyo, Japan) within a week. Positive
FIT is defined as �20 mg/g hemoglobin/feces and negative
FIT, <20 mg/g hemoglobin/feces. The exercise volume
[metabolic equivalents-hours (MET-h) per week], the prod-
uct of intensity (MET) of different activity and duration of
exercise (h), was classified as inactive (<3.75 MET-h), low
active (3.75-7.49 MET-h), and fully active (�7.50 MET-h).29

Each dataset from the cohort was randomly and equally
split into a training set to guide the building of the risk
model and a validation set to assess the predictive perfor-
mance of the models. Gender, family history of CRC (none,
yes), physical activity (inactive, low, fully active), the serv-
ings of fruit and vegetable intake (low, medium, high), black
color stool passage (none, occasional, always), bowel habit
change (none, yes), diabetes (none, yes), hypertension
(none, yes), anemia (none, mild, severe), carcinoembryonic
antigen (CEA) (<5 ng/ml, �5 ng/ml), C-reactive protein
(CRP) (<0.5 mg/dl, �0.5 mg/dl), smoking status (none, <30
pack-year, �30 pack-year), drinking status (none, <100 g/
week, �100 g/week), age (40-49 years, 50-59 years, 60-69
2 https://doi.org/10.1016/j.esmoop.2021.100288
years, �70 years), and body mass index (BMI) (<18.5 kg/
m2, 18.5-24.9 kg/m2, �25 kg/m2) were classified into cat-
egorical variables. The cut-off points for FIT were chosen by
setting the reference group at different starting points
through multiple iterations (Supplementary Appendix
Table S1, available at https://doi.org/10.1016/j.esmoop.
2021.100288).

Outcome

Every individual’s identification number was matched with
the National Death File for CRC mortality and the National
Cancer Registry file for CRC incidence, respectively.30,31

Instead of immediate colonoscopy, a comprehensive can-
cer registry system would be more appropriate to develop a
prediction model for expected CRC incidence in 5-10 years.
Furthermore, no colonoscopy was indicated for negative
FIT, and cancer registry would be the standard for CRC
incidence. Finally, the National Death File-based mortality
would be the ultimate criteria in evaluating CRC mortality.
The time interval from FIT to the development of CRC
incidence or mortality would be measured once CRC
occurred.

A step-wise Cox proportional hazards regression analysis
was carried out to identify risk predictors that were signif-
icantly associated with increased risk of CRC in multivariable
models. We included physical inactivity and low intake of
fruit and vegetables as risk factors of CRC since its risk
approximated statistical significance. Hazard ratios (HRs)
and 95% confidence interval (CI) were estimated for each
variable. NNS (number needed to scope to find one cancer
during study period) used in this study was approximately a
reciprocal of age-adjusted incidence rate/1000 person-
years.

Exploratory analysis

The modeling started with CRC-nonspecific questionnaire
(model 1), followed by combination of CRC-specific ques-
tionnaire (model 2). Model 3 started with FIT values (age,
gender, and FIT). Model 4 was extended with the combi-
nation of all questionnaire and FIT values, and model 5 was
composed of questionnaire, blood tests, and FIT.

Statistical methods

A receiver operating characteristic curve for censored sur-
vival data and the area under the curve (AUC) were con-
structed to assess the discriminatory accuracy of full
dataset, training set, and internal validation set for pre-
dicting the development of CRC.32 We assessed internal
calibration by determining the agreement between esti-
mated and observed events in 5 years and 10 years,
respectively.33 Moreover, we also presented the slope of
the ratio between estimated events and observed events
(E/O ratio) in each model.34 The 5- and 10-year absolute
risks were calculated from baseline probability and relative
risk profile by the Cox proportional hazards regression
model, using the standard equation for survival data with
censored observations.35 The risk scores for each predictor
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were derived from regression coefficients in the Cox pro-
portional hazards regression model following the reported
procedures.36

After developing the prediction models, we also calcu-
lated the Akaike information criterion (AIC) which takes into
account both the statistical goodness of fit and the
simplicity of the model to evaluate the accuracy of the
model complexity.37,38 With the lower AIC values, the model
will have higher predictive accuracy.

All statistical tests were two-sided, and a P value <0.05
was considered statistically significant. Stata 10.0
(Stata Corp, College Station, TX) and SAS 9.2 (SAS Institute
Inc, Cary, NC) were used for statistical analyses and
modeling.
RESULTS

Table 1 showed the positive risk predictors of CRC that were
statistically significant by univariate analysis in five models.
All risk-factor likely variables were screened for possible
inclusion as significant risk factors by controlling for age and
gender only (Supplementary Appendix Table S1, available at
https://doi.org/10.1016/j.esmoop.2021.100288).
Risk of CRC without considering FIT values

Age and male sex were associated with increased risk of
CRC in all the two models without considering FIT values. In
model 1, the other positive predictors for CRC were smok-
ing �30 pack-year, drinking status <100 g/week or �100 g/
week, and BMI �25 kg/m2. In model 2, the additional
positive predictors for CRC were positive family history of
CRC and bowel habit change.
Risk of CRC incorporating FIT values

Model 3 (age, gender, and FIT) was developed with
considering FIT values, and increasing FIT values were
associated with increasing CRC risk in a dose-dependent
manner by age (Figure 1A). Age and male sex were persis-
tently associated with increased risk of CRC.

Figure 1B showed cancer risk of 5 years expressed in NNS.
When FIT was positive, NNS by age and by FIT values could
be directly converted into 5-year risk. For example, at FIT
values at 80 mg/g, NNS was 15 for age 60-69 years and 25
for 50-59 years, implying the cancer risk being 1/15 and 1/
25 in 5 years, respectively.

In model 4, the other positive predictors for CRC were
positive family history of CRC, always black color stool
passage, bowel habit change, and low intake of fruit and
vegetables. In model 5, the other positive predictors for CRC
were positive family history of CRC, always black color stool
passage, bowel habit change, hypertension, anemia, CEA
�5 ng/ml, CRP �0.5 mg/dl, and low intake of fruit and
vegetables. The HRs of CRC consistently increased with the
increment of FIT values after age stratification throughout
models 3-5.
Volume 6 - Issue 6 - 2021
Risk score assignments and absolute risk of CRC

The risk score was assigned as integer points to each risk
level and calculated as a weighted distance from each level
to the reference level of that particular risk factor
(Supplementary Appendix Table S2, available at https://doi.
org/10.1016/j.esmoop.2021.100288). For example, in model
1, the reference level of age (40-49 years) was assigned a
risk score of zero, and increasing scores were assigned to
increasing levels of age (age 50-59 years, score ¼ 3; 60-69
years, score ¼ 5; age �70 years, score ¼ 6).

The goodness of fit of the risk prediction models

We examined the C statistic based on 10-year prediction of
CRC incidence, and the C statistic in each model was com-
parable for full dataset, training set, and internal validation
set (Table 2). Furthermore, we found the accuracy evalu-
ated by AIC was consistent with the C statistic based on
AUC. Compared with model 1, the increase of C statistic was
not significant in model 2 after adding specific CRC ques-
tionnaire. However, the C statistic was significantly
increased in model 3 after considering age, gender, and FIT.

Compared with model 3, the C statistic could be
increased in model 4 after adding all questionnaire and full
model 5 after adding all questionnaire and blood test,
respectively. However, it was of interest to note that the C
statistic after adding blood test or questionnaire was not
significantly enhanced after considering FIT.

Risk analysis based on CRC location

It was noted that CRC in the distal colon, rather than CRC in
the proximal colon, had relatively higher C statistic
throughout FIT-based models 3-5. However, the rectal can-
cer had the lowest C statistic. Furthermore, the C statistic
would markedly diminish from 0.812 for model 3 to 0.713
for FIT-only model without considering age and gender.

A larger FIT implied an earlier development of total CRC
case as well as total CRC mortality, with 1.5-year earlier
development of CRC incidence and 1-year earlier develop-
ment of CRC mortality for a difference of 80 mg/g of FIT
(Figure 2). With the same FIT value, we found that the la-
tency for incidence or mortality was relatively shorter in the
proximal colon cancer.

AUC of CRC in the five models from the full dataset

The AUC was 0.72 for model 1, 0.73 for model 2, 0.81 for
model 3, 0.82 for model 4, and 0.83 for model 5, respec-
tively (Supplementary Appendix Figure S1, available at
https://doi.org/10.1016/j.esmoop.2021.100288). The cross-
validated calibration plot by risk deciles showed excellent
calibration agreement of observed events with predicted
events in the 5-year (Figure 3A) and 10-year (Figure 3B)
timeframes across models.

Application of risk score and predictive power of FIT

Through these models, we used 10 hypothetical examples
to predict probability of developing CRC in 5 years
https://doi.org/10.1016/j.esmoop.2021.100288 3
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Table 1. Risk factors identified for colorectal cancer incidence in cohort

N % n of incidence % HR 95% CI

Nonspecific questionnaire (model 1)
Age, years
40-49 92 062 39.34 272 13.79 1.00
50-59 74 845 31.98 554 28.09 2.51 2.17-2.90
60-69 49 050 20.96 753 38.18 4.86 4.23-5.59
�70 18 087 7.73 393 19.93 7.52 6.44-8.78

Gender
Female 124 398 53.15 878 44.52 1.00
Male 109 646 46.85 1094 55.48 1.45 1.32-1.58

Smoking status
None 126 851 72.61 808 64.28 1.00
<30 pack-year 30 044 17.20 175 13.92 1.15 0.98-1.36
�30 pack-year 17 814 10.20 274 21.80 1.46 1.27-1.67

Drinking status
None 130 604 73.59 857 66.33 1.00
<100 g/week 38 091 21.46 352 27.24 1.18 1.03-1.35
�100 g/week 8787 4.95 83 6.42 1.42 1.12-1.80

Physical activity
Inactive 131 795 67.69 920 64.61 1.09 0.94-1.26
Low 47 827 24.57 342 24.02 1.06 0.95-1.20
Fully active 15 071 7.74 162 11.38 1.00

Fruit and vegetablesa

Low 93 875 49.63 542 39.71 1.13 0.95-1.35
Medium 78 424 41.46 645 47.25 1.06 0.90-1.26
High 16 849 8.91 178 13.04 1.00

BMI, kg/m2

<18.5 7185 3.07 49 2.49 0.82 0.61-1.09
18.5-24.9 140 367 60.07 1091 55.44 1.00
�25 86 128 36.86 828 42.07 1.16 1.06-1.27

Specific questionnaire (model 2)
Family historyb

None 190 486 96.34 1365 94.40 1.00
Yes 7244 3.66 81 5.60 1.99 1.59-2.49

Black color stoolc

None 166 016 98.58 1194 97.47 1.00
Occasional 2108 1.25 25 2.04 1.37 0.92-2.04
Always 286 0.17 6 0.49 2.45 1.10-5.47

Bowel habit changed

None 163 689 96.52 1172 94.59 1.00
Yes 5906 3.48 67 5.41 1.73 1.35-2.22

Blood test
Diabetese

None 210 052 89.94 1688 85.69 1.00
Yes 23 495 10.06 282 14.31 1.25 1.10-1.42

Hypertensionf

None 157 186 67.24 1025 26.02 1.00
Yes 76 570 32.76 944 32.91 1.24 1.13-1.36

Anemiag

None 202 090 86.46 1570 54.74 1.00
Mild 28 807 12.32 354 12.34 1.16 1.00-1.34
Severe 2844 1.22 46 1.17 2.25 1.80-2.81

CEA
<5 214 790 95.28 1735 88.66 1.00
�5 10 650 4.72 222 11.34 1.85 1.61-2.14

CRP
<0.5 182 549 89.47 1307 82.93 1.00
�0.5 21 485 10.53 269 17.07 1.39 1.22-1.59

FIT (model 3)
Age 40-49 years
<20 87 286 94.81 181 66.54 1.00
20-39 574 0.62 5 1.84 3.02 1.24-7.34
40-59 942 1.02 15 5.51 6.83 4.04-11.57
60-79 490 0.53 8 2.94 7.31 3.60-14.85
80-119 540 0.59 14 5.15 11.76 6.83-20.26
120-159 286 0.31 4 1.47 6.36 2.36-17.13
160-199 172 0.19 9 3.31 25.81 13.22-50.41
200-299 318 0.35 14 5.15 19.49 11.32-33.58
300-499 283 0.31 11 4.04 19.27 10.48-35.42
�500 123 0.13 9 3.31 41.99 21.50-82.03

Continued
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Table 1. Continued

N % n of incidence % HR 95% CI

Age 50-59 years
<20 70 032 93.57 332 59.93 2.26 1.89-2.71
20-39 553 0.74 8 1.44 5.19 2.56-10.55
40-59 961 1.28 38 6.86 17.51 12.34-24.84
60-79 521 0.70 24 4.33 20.52 13.41-31.41
80-119 590 0.79 31 5.60 24.02 16.41-35.17
120-159 279 0.37 25 4.51 43.45 28.60-66.01
160-199 190 0.25 18 3.25 48.42 29.83-78.60
200-299 340 0.45 28 5.05 41.80 28.08-62.24
300-499 258 0.34 23 4.15 48.59 31.48-75.00
�500 143 0.19 21 3.79 84.55 53.79-132.90

Age 60-69 years
<20 45 195 92.14 425 56.44 4.21 3.54-5.01
20-39 544 1.11 21 2.79 14.10 8.97-22.15
40-59 772 1.57 47 6.24 26.70 19.37-36.81
60-79 452 0.92 29 3.85 29.21 19.73-43.23
80-119 463 0.94 40 5.31 41.55 29.50-58.53
120-159 260 0.53 38 5.05 73.78 52.00-104.68
160-199 153 0.31 30 3.98 104.00 70.66-153.06
200-299 313 0.64 53 7.04 83.81 61.69-113.88
300-499 207 0.42 39 5.18 105.47 74.59-149.15
�500 115 0.23 26 3.45 139.54 92.46-210.58

Age �70 years
<20 16 406 90.71 217 55.22 6.49 5.33-7.90
20-39 256 1.42 13 3.31 21.04 11.98-36.94
40-59 325 1.80 20 5.09 29.58 18.64-46.95
60-79 174 0.96 17 4.33 52.39 31.86-86.15
80-119 200 1.11 16 4.07 41.66 24.98-69.47
120-159 120 0.66 18 4.58 85.56 52.71-138.90
160-199 91 0.50 16 4.07 109.39 65.59-182.45
200-299 160 0.88 38 9.67 147.52 103.95-209.35
300-499 94 0.52 25 6.36 183.18 120.53-278.42
�500 49 0.27 10 2.54 160.95 85.08-304.47

BMI, body mass index; CEA, carcinoembryonic antigen; CI, confidence interval; CRP, C-reactive protein; FIT, fecal immunochemical test; HR, hazard ratio.
Values in bold were hazard ratios for colorectal cancer.
a The number of servings of fruit and vegetables a day was defined as low (�2), medium (3-4), and high (�5), respectively.
b First-degree relative was used to define positive family history for CRC.
c History of black stool passage was grouped as none, occasional (1-2 times/week), and always (�3 times/week) in the past month.
d Bowel habit change included those with regular loose stool, constipation, and high frequency of bowel movement which continued throughout the past month.
e Diabetes for those with self-reported history, fasting blood glucose level �126 mg/dl, or on hypoglycemic agents.
f Hypertension for those with self-reported history, systolic blood pressure �140 mmHg, diastolic blood pressure �90 mmHg, or on anti-hypertensive agents.
g Severe anemia with hemoglobin <10 g/dl and mild anemia with hemoglobin between 10 mg and 14 g/dl for men and 10 mg and 12 g/dl for women.
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(Supplementary Appendix Table S3, available at https://doi.
org/10.1016/j.esmoop.2021.100288). The first nine exam-
ples were for age 55 years, and the last one, age 65 years.
The first two examples had no FIT tests and the third one
had negative FIT with both lifestyle history for smoking and
drinking, medically confirmed hypertension and diabetes,
and a positive family history of CRC. The 5-year risk was
2.8% when FIT value was 60 mg/g. When FIT increased from
60 to 80, 120, and 160, 5-year cancer risk increased up to
4.0%, 5.6%, and 7.9%, respectively. When FIT at 160 had all
the positive lifestyle and family history along with hyper-
tension and diabetes, the 5-year risk increased to 13.5% or
NNS at 7.

DISCUSSION

By incorporating a single FIT test stratified by age, a user-
friendly CRC scorecard was developed in Figure 1B, with C
statistic at 0.81, implying great accuracy. A simple score
sheet showing the probability of finding a CRC can facilitate
the risk communication for colonoscopy referral. In this
study, for each positive FIT value, an NNS can be looked up
Volume 6 - Issue 6 - 2021
from the scorecard (Figure 1B for 5-year risk). When FIT was
negative, risks were too small to be concerned even with
other risk factors.

However, we noted that the accuracy of FIT in predicting
CRC risk was quite age dependent since age was also an
important determinant for the development of CRC
(Table 1). Without considering age, the C statistic of FIT-only
model in predicting CRC incidence dropped dramatically.
The possible explanations for the relatively lower accuracy
of FIT in predicting the proximal CRC may include more
rapidly growing tumor characteristics of right colon CRC,
less irritating bleeding from the proximal colon, and easy
degradation of hemoglobin due to longer transit time.39,40

However, the common etiologies for rectal bleeding
remain more variable such as diverticuli, hemorrhoids, and
anal fissure to affect the accuracy of FIT in predicting rectal
cancer.40,41 Consistent with the literature, we found that
increased FIT values correlated with the poor prognosis of
CRC, either incidence or mortality, to indirectly reflect the
advanced stage of the CRC.41,42 Similarly, with the same
level of FIT values, CRCs in the proximal colon tended to
https://doi.org/10.1016/j.esmoop.2021.100288 5
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have poor prognosis due to the relatively lower sensitivity
of FIT for the right-sided CRC.

Most prediction models reported had limited application
because its usage is often cumbersome. In this study, the
entire prediction process was made simple by having a
single FIT test. A score sheet to quantify cancer risk was
developed, when FIT was positive, showing the number of
subjects needed to scope (NNS). Around 95% of FIT tests
would show negative results, implying a negligible cancer
risk level, around 1/750-1500. Positive FIT could identify
individuals with cancer risk 10-fold larger than those with
6 https://doi.org/10.1016/j.esmoop.2021.100288
negative FIT. Within positive FIT, quantitative values could
also differentiate another 10-fold difference in risk within
each age group. While every positive FIT is recommended to
undergo colonoscopy, cancer risks varied by 10-fold, making
prediction model more clinically relevant for colonoscopy
and urgency varied accordingly.

Without considering multiple risk factors, such as family
history or lifestyle risks, model 3 can effectively predict
cancer risk to reach 0.81 in C statistic when FIT was positive.
Age was also a powerful risk factor, and when combined
with FIT values, easy-to-use NNS prediction curves by
Volume 6 - Issue 6 - 2021
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Table 2. The goodness of fit for different models

Total colon Proximal colon Distal colon Rectum

C statistic 95% CI AIC C statistic 95% CI C statistic 95% CI C statistic 95% CI

Model 1: nonspecific questionnaire (age, gender, smoking status, drinking status, physical activity, fruit and vegetables, BMI)
Full dataset 0.723 0.71-0.74 13 373.99 0.732 0.70-0.76 0.726 0.70-0.75 0.707 0.68-0.73
Training set 0.729 0.71-0.75 6536.857 0.734 0.69-0.78 0.711 0.67-0.75 0.703 0.67-0.74
Validation set 0.719 0.70-0.74 6852.514 0.742 0.70-0.78 0.757 0.72-0.79 0.715 0.68-0.75

Model 2: All questionnaire (nonspecific questionnaire, family history, black color stool, bowel habit change)
Full dataset 0.726 0.71-0.74 11 983.854 0.735 0.71-0.76 0.728 0.70-0.76 0.710 0.69-0.73
Training set 0.731 0.71-0.75 5874.814 0.733 0.69-0.78 0.717 0.68-0.76 0.709 0.67-0.74
Validation set 0.724 0.70-0.74 6134.171 0.751 0.71-0.79 0.759 0.72-0.79 0.717 0.69-0.75

Model 3: FIT, age and gender
Full dataset 0.812 0.80-0.83 11 800.232 0.817 0.79-0.84 0.848 0.82-0.87 0.778 0.75-0.80
Training set 0.815 0.80-0.84 5738.679 0.819 0.78-0.86 0.829 0.79-0.87 0.775 0.74-0.81
Validation set 0.813 0.79-0.83 6111.653 0.828 0.79-0.87 0.878 0.85-0.91 0.795 0.76-0.83

Model 3: FIT only 0.713 0.70-0.73 12 222.184 0.689 0.66-0.72 0.761 0.73-0.79 0.689 0.67-0.71
Training set 0.712 0.69-0.73 5953.527 0.698 0.65-0.74 0.740 0.70-0.78 0.687 0.65-0.72
Validation set 0.719 0.70-0.74 6276.06 0.680 0.63-0.73 0.790 0.75-0.83 0.691 0.66-0.72

Model 4: All questionnaire þ FIT
Full dataset 0.823 0.81-0.84 10 540.312 0.820 0.79-0.85 0.860 0.84-0.88 0.795 0.77-0.82
Training set 0.825 0.81-0.84 5194.875 0.824 0.78-0.87 0.845 0.81-0.88 0.796 0.76-0.83
Validation set 0.826 0.81-0.85 5414.879 0.840 0.81-0.87 0.891 0.86-0.92 0.811 0.78-0.84

Model 5: All questionnaire þ FIT þ blood tests (diabetes, hypertension, anemia, CEA, CRP)
Full dataset 0.827 0.81-0.85 10 482.619 0.830 0.80-0.86 0.859 0.84-0.88 0.803 0.78-0.83
Training set 0.839 0.82-0.86 5181.593 0.833 0.79-0.87 0.848 0.81-0.88 0.809 0.78-0.84
Validation set 0.830 0.81-0.85 5378.192 0.853 0.82-0.88 0.888 0.86-0.92 0.817 0.79-0.85

AIC, Akaike information criterion; CEA, carcinoembryonic antigen; CI, confidence interval; CRP, C-reactive protein; FIT, fecal immunochemical test.
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different age groups were developed (Figure 1B). Reading
the size of NNS, similar to one from model 3, would give
one an impression of the cancer risk and reflected the ur-
gency for colonoscopy if FIT is positive. When risk factors
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were additionally considered with examples shown in
Supplementary Appendix Table S3 (available at https://doi.
org/10.1016/j.esmoop.2021.100288), cancer risk increased
and accuracy improved (AUC changed from 0.81 to 0.83).
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Figure 3. (A) Internal calibration of the risk prediction models. Calibration determined the extent of agreement between predicted and observed events in 5 years
and a cross-validated calibration plot was generated for the different models. (B) Internal calibration of the risk prediction models. Calibration determined the
extent of agreement between predicted and observed events in 10 years and a cross-validated calibration plot was generated for the different models.
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When FIT is negative, the cancer risk is sufficiently low
so that the addition of other risk factors remains too low
to be concerned. It required a combination of eight or
more risk factors to reach the lowest risk of a positive FIT.
Since such individuals constituted <1% of the negative FIT
(Supplementary Appendix Table S4, available at https://
doi.org/10.1016/j.esmoop.2021.100288), cancer risk of
negative FIT as a whole could be ignored without the need
to check the model. This observation is compatible with
the current guideline not pursuing colonoscopy for nega-
tive FIT, representing the 94%-96% of the cohort
(Supplementary Appendix Table S1, available at https://
doi.org/10.1016/j.esmoop.2021.100288). The 10 exam-
ples we gave illustrated the power of positive FIT, far larger
8 https://doi.org/10.1016/j.esmoop.2021.100288
than most known risk factors. When FIT was negative,
common risk factors added limited cancer risks; but when
FIT was positive, addition of risk factors increased the
cancer risks.

To evaluate the performance of prediction models, four
criteria were often used. Firstly, accuracy in discriminating
ability to find a cancer. Most known risk factors for CRC had
relative risks around 2-3-fold increase at most, and were
dwarfed by the up to 10-100-fold increase shown by
quantitative FIT values. The C statistic in our models ranged
from 0.72 to 0.83, with better accuracy when FIT was
added. The addition of known risk factors from history or
blood tests only improved the C statistic minimally from
0.81 to 0.83. Secondly, calibration in prediction results
Volume 6 - Issue 6 - 2021
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Figure 3. Continued.
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matching observed event. All the E/O slopes of these five
models approximated to 1, particularly for 5-year predic-
tion. However, the E/O slope of model 3 was more balanced
to be close to 1 for both 5-year or 10-year predictions.
Under visual representation of the calibration curves, model
1 and model 3 also showed closer relationship between
estimated and observed events.34 Thirdly, validation in
applicability from study population to different target
population. It requires external validation done by inde-
pendent database and investigators before the widespread
use of our prediction model.43 Moreover, the predicted
probability provided by our models or the figures of our
NNS nomogram may vary with local incidence of CRC and
the different FIT laboratories.44 However, the literature
conducted between different ethnics has consistently sup-
ported the dose-response effect between the incidence of
Volume 6 - Issue 6 - 2021
CRC and quantitative FIT values.45-47 Fourthly, user conve-
nience with simple, informative, and real-world rele-
vance.34,48-50 One characteristic of FIT is age dependent and
the NNS nomogram we developed was equivalent to model
3, so that its accuracy, calibration and validation have been
fully addressed and found satisfactory. In addition, it fit
‘user convenience’ well, as it is simple to use, highly infor-
mative particularly in decision making for immediately co-
lonoscopy or not, and provides real-world relevance in the
perception of probability of cancer risk.

The step-wise nature of the model allowed a progressive
identification of high-risk individuals based on availability of
data or resources. In this way, anyone without medical tests
could use this model based on his/her own health history.
We divided history model into CRC-specific and CRC-
nonspecific risk factors. The model provided the list of
https://doi.org/10.1016/j.esmoop.2021.100288 9
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CRC-specific symptoms, such as bowel habit change or
black-colored stools, that model users should seek care
immediately, and not to ignore or dismiss them. The model
would also alert those with CRC-nonspecific risk factors,
such as smoking, drinking, or exercise, and motivate them
to change lifestyles. Even though these relative risks for CRC
were only modestly elevated, their reductions will create far
more health benefits than affecting CRC only.

FIT test is relatively inexpensive and non-intrusive,
compared to sigmoidoscopy or colonoscopy, and the mes-
sage from using the prediction model encourages everyone
to have an FIT test. In this way, the model promotes
screening to identify high-risk individuals at an earlier stage,
and subsequent measures to reduce these risks. The added
power from blood work-up was limited, except for finding
serious anemia. Identification of serious anemia is an
ominous sign, regardless of its relationship with CRC, and is
an urgent call for seeking medical care. Both CEA and CRP
are nonspecific tumor maker, but could add value to the
prediction model. We were the first one to report this in a
prediction model.

The strengths of this study, other than the large sample
size, included the consistent use of FIT test based on OC
sensor since 1994, single laboratory that analyzed the blood
and stool test, the identification of cancer from National
Cancer Registry with 97% completeness and an Asian cohort
with FIT tests. Furthermore, the high concordance between
the National Death File, the National Cancer Registry file,
and the National Health Insurance database has been vali-
dated in the literature.51,52

There are important limitations to this prediction model.
Firstly, CRC in this study was identified not by immediate
colonoscopy but by cancer registry. Thus, there was a delay
and time gap of FIT, positive or negative, and the devel-
opment of CRC. However, a cancer registry system with
complete case ascertainment would be preferred for
developing a prediction model and assessing the survival.
Colonoscopy was conducted mainly after positive FIT, but
not all cancers expected in 5-10 years would be identified
by immediate colonoscopy. We found the delay for the
cancer to develop was proportionate to quantitative FIT
values, with its interval shortened by larger values of FIT
test. For every 80-mg/g increase of FIT, there were 1.5-year
earlier development of CRC incidence and 1-year earlier
development of CRC mortality, respectively. When FIT was
negative, no colonoscopy was normally accompanied, and
cancer cases were mainly identified by cancer registry, with
an average delay of 6 years. Secondly, the study chose a cut
point at 20 mg/g for positive FIT, and results would vary if
different cut points were chosen. However, the risk was
quantified and increased with increasing values. This model
with quantitative FIT was much superior than that reported
FIT based on simply dichotomy. Thirdly, the model came
from a cohort with apparently healthy subjects, and the
model is not applicable to those individuals with various
severity of gastrointestinal symptoms, such as constipation
or bowel habit changes.
10 https://doi.org/10.1016/j.esmoop.2021.100288
Conclusion

With C statistic at 0.81, a simple user-friendly model pre-
dicting CRC was developed from a single FIT value by
considering age and sex. Age was also a powerful risk factor,
and easy-to-use NNS prediction curves by different FIT value
age groups could be used for risk communication. The FIT
values correlate well with prognosis of CRC. With the same
FIT value, CRC in the proximal colon tends to have poor
survival. When positive, FIT provides a quantitative risk
scorecard, expressed in NNS, better than many risk factors
combined, but when FIT is negative, risk is too small to be
concerned, even considering other risk factors.
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