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Simple Summary

Traditional single-test strategies using faecal immunochemical tests (FIT) for detecting colorectal
cancer often yield uncertain outcomes, leading to unnecessary colonoscopies or missed diagnoses. In
this paper, we demonstrate mathematically that compounding Bayesian inference (CBI) over four
consecutive FIT tests could reduce the number of colonoscopies for symptomatic patients by over
85% and over 98% for asymptomatic patients, while dynamically stratifying patient risk. By
optimising colonoscopy allocation and avoiding unnecessary procedures, CBI could significantly
improve five-year survival rates. Beyond screening, CBI can support personalised therapeutic
decisions by continuously updating predictions from diagnostic, genomic and clinical data. This
represents an important step towards explainable, evidence-based precision medicine. In Chile, for
example, where waiting times for colonoscopies for symptomatic patients in public hospitals can
exceed one year, this method could prioritise those with the highest likelihood of advanced neoplasia,
thereby reducing delays for critical cases and potentially saving lives.

Abstract

Background/Objectives: Colorectal cancer (CRC) is a leading cause of cancer-related mortality
worldwide, and its prognosis strongly depends on early detection and timely treatment. In Chile,
colonoscopy waiting lists for symptomatic patients in public hospitals can exceed one year, limiting
access to early diagnosis and reducing survival rates. Traditional single-test screening strategies, such
as a single fecal immunochemical test (FIT), often yield uncertain results, contributing to inefficiencies
in resource allocation. This study explores the potential of Compound Bayesian Inference (CBI) to
improve CRC detection and prioritize patients who most urgently require colonoscopy. Methods:
We propose a CBl-based approach that integrates evidence from multiple sequential and
independent FITs to update the posterior probability of CRC dynamically. A case study was analyzed
with this Compound Bayesian Inference over a four-round FIT protocol to assess how this could
improve risk stratification compared to standard symptoms-based screening. Results: Our method
mathematically shows that over 85% of colonoscopies (resp. 99.9%) were not urgent in symptomatic
(resp. asymptomatic) patients, therefore ensuring high-risk patients receive timely diagnostic
procedures while allowing for prioritisation and potentially drastically reducing costs, because FIT
tests are around 100 times cheaper than colonoscopies. Conclusions: In settings with limited
colonoscopy availability, such as Chile, where delays in public hospitals can exceed one year for
symptomatic patients, implementing a CBI-based strategy could optimize resource use, potentially
drastically reduce costs, improve access for critical cases, and ultimately enhance 5-year survival
rates. These findings highlight CBI as a promising, explainable, and adaptable approach for evidence-
based precision medicine in CRC screening and priorization.

Keywords: Compound Bayesian Inference; colorectal cancer screening; fecal immunochemical test;
resource allocation; evidence-based medicine
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1. Introduction

Colorectal Cancer (CRC) is the second and third most common cancer in women and men [1]
and currently the second leading cause of cancer death worldwide [2]. Its particularity is that
colonoscopy, the gold standard for its diagnosis, is also the treatment for stage 0 colon cancers that
have not grown beyond the inner lining of the colon, as it is possible to remove polyps or cancerous
areas by a local excision during the colonoscopy. This dual use of colonoscopy means that even if
CRC were diagnosed by another method, a patient with CRC should undergo a colonoscopy to
evaluate the extent of the cancer and/or remove the cancerous areas that can be removed during the
procedure.

Its prognosis is strongly linked to early detection, yet screening and diagnostic strategies remain
constrained by resource limitations, particularly in low- and middle-income countries. In Chile, the
challenge is critical: colonoscopy waiting times for symptomatic patients in public hospitals often
exceed one year, significantly delaying diagnosis and reducing survival rates. Current screening is
done by doctors, who refer symptomatic patients to hospitals, where a colonoscopy is typically
prescribed. Consequently, many patients undergo unnecessary colonoscopies, while others at high
risk remain undiagnosed, because no global screening (even based on a single FIT test) is proposed.

Indeed, on top of being invasive and not harmless, colonoscopies are expensive and resource-
intensive: the cost of a colonoscopy ranges from around $100 to over $4,500 USD, depending on the
country and whether it is performed in the private or public sector [3,4]. However, several other CRC
detection methods exist that look for the presence of blood in stool [5] such as Faecal
immunochemical tests (FIT). They are:

e Very simple to perform: a stool sample can be collected at home in a jar and sent to a lab without
any prior preparation or diet,

e  Very cheap: the reported average cost of $3.04, with a range from $0.83 to $6.41 per test [6])
meaning that a FIT test costs around 100x less than a colonoscopy.

¢  Non-invasive: they do not have associated risks, do not require sedation or recovery time.

¢  Immediately available: there is no waiting list for this very cheap test.

¢ However, they are less precise in their diagnosis:

e  They have a higher False Positive rate (lower specificity) because they test for occult blood in
stool, which is not specific to CRC (haemorrhoids can also cause rectal bleeding) and

e They have a higher False-Negative rate (lower sensitivity) due to the intermittent bleeding
nature of cancerous polyps (cf. Section 1.1 below).

Despite their lower quality (lower specificity and sensitivity), FIT tests have been studied a lot
[7,8,9,10, 11, 12, ...]. For general screening purpose on asymptomatic patients, their sensitivity is
typically of 73% (i.e., 27% False Negatives) for people with stage 1 CRC and their specificity is around
94% (i.e., 6% False Positives) [9].

However, it is important to note that most papers focus on using FIT tests to diagnose colorectal
cancer, not to determine which people do not have CRC, in order to reduce waiting lists, which is
what this paper is about. But for this purpose, the sensitivity of the test is too low. Suppose we want
to screen a cohort of 1 000 000 people of which 1 000 have CRC with a single FIT test (as currently
done in France [13]) with 27% False Negatives. This means that 270 persons will receive a falsely
negative FIT test, meaning that they will not be contacted for a colonoscopy even though they have
CRC.

By reading the literature on FIT tests, we realised that its low sensitivity does not so much come
from the test itself, but from the important observation that polyp bleeding is intermittent but could
come from manipulation errors, meaning that repeating several FIT tests on the same person may
yield different results.

In this paper, we therefore introduce Compound Bayesian Inference (CBI), a Bayesian statistical
framework that combines sequential evidence from independent repeated tests to update disease
incidence in subsequent sub-cohorts. In this study, we demonstrate —using clinical data— that
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applying CBI to a four-round FIT protocol shows that urgent colonoscopies are unnecessary for over
85% of symptomatic patients. Moreover, statistical modelling on Chile’s metropolitan region
indicates that effective population-level screening could be achieved with as few as 0.01% of the
colonoscopies currently needed, representing a paradigm shift for all countries that (including Chile)
do not propose global population screening for CRC.

The primary objective of this work is to evaluate the clinical and operational impact of CBI-based
screening and prioritization strategies in CRC detection, and to highlight its potential as an
interpretable, evidence-based tool for precision medicine.

2. Presentation of the Method

In this paper, we posit (based on published papers) that the irregularity of observed occult blood
in patients with confirmed CRC means that different FIT tests on the same patient could yield
different results: a FIT test could be positive one day, negative the next day, and positive again the
day after, depending on the stage of the CRC or other factors.

2.1. On the Independence of FIT Tests

[14] showed a Nonuniform distribution of occult blood in feces while [15] studies Bleeding
patterns in colorectal cancer up to the point that [16] concludes (from a very small sample study) that
the immunochemical faecal occult bloodtest is unsuitable for the diagnosis of rectal cancer, due to a
low sensitivity of the diagnostic test combined with a slight haemorrhage or intraintestinal
degeneration of haemoglobin, inappropriate site and amount of stool sampling, poor preservation of
the specimen. A more recent paper [17] on a larger cohort also “showed a low concordance between
daily consecutive [FIT] tests results.”

2.2. Bayesian Analysis of the Results of a FIT Test in the Metropolitan Region of Chile

A recent article [18] shows that in 2018, the age-standardized incidence of Colorectal Cancer
(CRC) in Chile ranges from 14.6/100 000 inhabitants in Region III (Atacama and Coquimbo) to
23.0/100 000 inhabitants in Region XI (Magallanes) with 19.6/100 000 inhabitants for Region XI
(Metropolitan area around Santiago, the capital).

Basic Bayesian inference [19,20] needs 3 values (called prior knowledge) in order to make
obvious predictions, provided the prior knowledge is correct.

If we use as a reference:

e the Chilean Metropolitan Region with an observed incidence of CRC of 19.6/100 000 and
e FIT tests with 73% sensitivity (27% False Negatives) and a 94% specificity (6% False Positives),

It mathematically follows that for every 100 000 inhabitants submitted to a single FIT test:

e 19.6 are sick, but due to the 27% False Negatives (FN), statistically, 5.29 will falsely test negative
(and 14.31 will truly test positive = TP),

e 99980.4 are healthy, but due to the 6% False Positives (FP), 5 998.82 will falsely test positive (and
93 981.58 will truly test negative = TN).

So, from the point of view of the tested person who receives a positive FIT test, this person will
be among the 14.31 Real Positives or the 5 998.82 False Positives. So this person only has a 0.238%
chance to be sick.

Conversely, if a person of Chile’s Metropolitan Region receives a Negative FIT test, this person
is among the 93 981.58 True Negatives or the 5.29 False Negatives, meaning that they have a 99.995%
probability to be healthy. But in a very large population of several millions, 99.995% probability is
not enough to remove all False Negatives.
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2.3. Bibliographic Analysis

Contrary to nearly all other papers on the topic, we do not try to diagnose CRC. We propose a
new approach to find out which people very probably do not need urgent colonoscopies, in order to
allow people at risk to have faster access to colonoscopies. We did not find any papers proposing
multiple testing combined with Bayesian inference to assess the probability that patients do not need
an urgent colonoscopy, which is one of the key innovative ideas of our paper.

[21] proposes a similar multi-faecal immunochemical testing strategy, but the authors do not
propose to use Bayes’ theorem to infer predictions. The paper describes quite well what we want to
do, but with 3 FIT tests (not 4) and with a frequentist analysis, meaning that the authors cannot give
precise estimations of the probability that the patients of their study have (or do not have) CRC
depending on their number of positive and negative FIT tests. A similar study was also performed
with 3 FIT tests, in [22] and [17], but here again, Bayesian inference was not used, meaning that the
conclusions of the study remain vague. Other papers also propose to perform several FIT tests, but
separated by several months during which the state of the patient can evolve, therefore invalidating
the purpose of our approach.

2.3. Proposed Compound Bayesian Inference (CBI) and Application to Colonoscopy Priorization

In order to improve on the sensitivity of FIT tests, we propose to use the observation that several
tests on the same person could yield different results to propose to combine several FIT tests for
determining who urgently needs (or not) a colonoscopy. Here is the mathematics behind our
reasoning: after the first FIT test, remember that we computed that being positive meant that the
person had a 0.238% chance to have CRC, while being negative meant that the person had 99.995%
chance to be healthy (i.e., 0.005% chance to have CRC).

Based on these calculations, we propose to distinguish 2 sub-populations for which we can
replace the CRC incidence with the computed probability number:

e  We can say that FIT+ people are part of a group that has a 0.238% CRC incidence and
e  FIT-people are part of a group that has a 0.005% CRC incidence.

As the inconclusiveness of FIT tests may stem from intermittent bleeding or bad test processing
(which renders the tests independent), we propose exploring the mathematical outcomes of
additional FIT tests performed on each subpopulation with their newly associated incidence rates.

The reason why this is interesting is that incidence (and related predictions) will evolve as a
sigmoid, and the interesting part of a sigmoid is not its beginning (around 0%) or end (around 100%)
part, but its “middle part” where the first derivative has a high value. It seems to us that other
researchers have not seen Compound Bayesian Inference performed on independent tests as a way
to update prior knowledge as a sigmoid curve.

3. Results

3.1. Application of 4-FIT Compound Bayesian Inference to Colonoscopy Priorization in Chile’s Metropolitan
Region

In Germany, CRC screening is done by proposing a colonoscopy to all men above 50 or women
above 55 [23]. In France, a single FIT test is proposed [13]. In Chile, no screening exists but CRC is the
fastest increasing cancer, with studies showing its incidence could increase by 60% in 2030 [24].

The incidence of CRC for FIT+ people is now 237.9/100 000, i.e., 11.9 times more than the original
cohort (asymptomatic patients from the Metropolitan region). For FIT- patients, the incidence is now
5.631/100 000, i.e., 3.55 times less than before. Using these new values for incidence for each sub-
cohort, we can now compute the results of Table 1.
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Table 1. Theoretical result of 2 consecutive FIT tests on Metropolitan Region patients.

Second FIT test
False Pos % | False Neg % | Cohort size Sick Healthy
On FIT+ 6.00 27.00 6,013.13 14.31 5,998.82
subcohort Patients Nb TRUE FALSE SICK HEALTHY
FIT ++ 370.37 10.44 359.93 2.820077% | 97.179923%
FIT +- 5,642.76 5,638.89 3.86 _
False Pos % | False Neg % | Cohort size Sick Healthy
On FIT— 6.00 27.00 93,986.87 5.29 93,981.58
subcohort Patients Nb TRUE FALSE SICK HEALTHY
FIT - + 5,642.76 3.86 5,638.89
FIT - - 88,344.11 88,342.68 1.43

Out of the mathematically 6 013.13 FIT+ patients and using the same values for specificity and
sensitivity (but with an updated incidence of 237.9/100 000) it follows that there will statistically be
370.37 people who will test positive twice (FIT++), out of which 10.44 will be Real Positives and 359.93
False Positives. It also follows that there will be 5 642.76 positive then negative people (FIT+-) out of
which 5 638.89 will be True Negatives and 3.86 will be False Negatives and so on for FIT+- and FIT-
- people.

The interesting thing to see is that we now have 3 subgroups: 370.27 FIT++ people for which the
CRC incidence is now 2820/100 000, 5 642.76+5 642.76 FIT+- or FIT-+ people for whom the incidence
is 68.4/100 000 and 88 344.11 FIT-- people for whom the incidence is 1.62/100 000. The probability for
a FIT++ person to have CRC is still low (2.82%) but it is already increasing.

Our proposition is to repeat this more times, until results are really significant as we reach the
“middle part” of the sigmoid. Table 2 shows the theoretical results of performing 4 consecutive FIT
tests on 100 000 inhabitants of the Metropolitan region.

Table 2. Aggregated result of 4 consecutive FIT tests on Chile’s Metropolitan Region population.

4-FIT test

FP % FN % Cohort size Sick Healthy

On 3-FIT 6.00 27.00 100,000.00 19.60 99,980.40
subcohorts Patients Nb SICK HEALTHY SICK HEALTHY
FIT++++ 6.86 5.57 1.30 81.116533%  18.883467%
FIT+++— 89.43 8.23 81.20 9.207504%  90.792496%
FIT++— 1,912.77 457 1,908.20 0.238846% | 99.761154%
FIT+— 19,931.24 1.13 19,930.11 0.005652% | 99.994348%
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Looking at Table 2, we see that 6.86+89.43 = 96.29 of the 100 000 people urgently need a
colonoscopy: the 6.86 FIT++++ because they have >81% chance of having CRC and the 89.43 FIT+++-
because they have a still life-threatening 9.2% chance of having CRC.

Performing 96 colonoscopies rapidly is a reduction of 99.9% over a colonoscopy screening of 100
000 people, that would take years without the proper infrastructure and cost millions.

Then, 1 913 FIT++-- persons have 0.24% chance to have CRC, which is 12.25x more than the
original observed incidence of 0.0196%. But here again, 1 913 additional colonoscopies could be

performed much easier than 100 000. An alternative could be to offer these at-risk people more FIT
tests (still cheaper and easier to do than a colonoscopy) to discern who needs a colonoscopy and who
does not.

19 931.24 FIT+--- people have a 0.005652% chance to have CRC, which is 3.47 times less than
the original asymptomatic population of the Metropolitan region (which is currently not screened in
Chile). They could be tested again in following years.

Finally, 78 059.7 FIT---- people have virtually 0% chance of having CRC. It may not be
necessary to test them in the near future. We show in section 3.1 that even on a symptomatic cohort,
many more FIT tests would be needed to bring other significant results, so it seems that 4 tests is an
optimum value for Faecal Immunochemical Tests.

As a conclusion, a CBI CRC screening with 4 FIT without-waiting-list tests:

e would single out only 96 high-risk people out of 100 000 to whom a colonoscopy could be
prescribed,

e could reasonably allow to avoid performing 78 058 colonoscopies and possibly 19 931 more,
resulting in replacing 98.99% of colonoscopies with 4xFIT tests.

3.1.1. Cost Evaluation

If we take a cost of $5 USD for a FIT test and $500 USD for a colonoscopy [3], screening the whole
100 000 cohort would cost $50m USD and would be very difficult, if not impossible to perform rapidly
without adequate infrastructure and personnel.

Performing a 4-FIT CBI screening protocol + necessary urgent colonoscopies would cost 100
000x4x5 + 71x500 = $2 035 500 USD, i.e., 24.5 times less than a full-colonoscopy screening as proposed
in Germany, with virtually no colonoscopy waiting list after the FIT tests are returned. The 71 high-
risk patients would be identified and their treatment started immediately. If judged necessary,
performing a colonoscopy on the other 1 913 FIT++-- people would cost an additional $956 500 USD,
i.e., around $1m more and this could be performed in several months in the public hospitals of the
Metropolitan region.

3.2. Result of the Application of 4 Consecutive FIT Compound Bayesian Inference (4-FIT CBI) on a
Symptomatic Cohort

A recent study on 1,315 Chilean symptomatic patients [25] observed the predictive quality of a
single FIT test for colorectal cancer. Out of the initial cohort, a certain number of patients were
removed from the FIT study: those who previously had a CRC diagnosis and those who were given
priority for a colonoscopy due to their symptom-based classification as High Risk (HR) patients. 808
Low-to Moderate risk (L/MR) patients were prescribed a FIT test (and returned it) before the
validation colonoscopy. Table 3 (replicate of Table 2 of the study) gives us all the necessary data to
infer the results that can be obtained by a 4-FIT Compound Bayesian Inference method.
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Table 3. (Replicate of Table 2 of [25] on the results of one FIT test on the Low/Moderate Risk cohort).

Diagnostic accuracy of qualitative Faecal Immunochemical Test
Variable Total (n=808)

FIT outcomes; n (%)

True positives 26
True negatives 525
False positives 256
False negatives 1

CRC diagnosis confirmed 27

Qualitative FIT; % (Confidence

interval 95%)

Sensitivity 96.3 (81.71-99.34)
Specificity 67.22 (63.85-70.42)
Predictive value; %

(Confidence interval 95%)

Positive (PPV) 9.22 (6.37-13.17)
Negative (NPV) 99.81 (98.93-99.97)
Likelihood ratio

Positive (LR+) 2.93
Negative (LR-) 0.06

The three pieces of prior information needed for Bayesian Inference (incidence, test specificity
and sensitivity) can be computed from Table 3. Out of the 808 Low to Moderate Risk (L/MR)
symptomatic patients, 27 were diagnosed (with colonoscopy) with CRC:

Sickness (CRC) incidence for this L/MR cohort was 3.34% (27 out of 808), i.e., 170 times higher
than for the asymptomatic cohort.

Out of the 808 — 27 =781 non-CRC patients, 256 were FP, corresponding to a specificity of 67,22%.

Out of the 27 CRC patients, 1 was FN, corresponding to a sensitivity of 96.3%.

FP and FN values are very different from those published in the literature for FIT tests because
generally, studies are performed on asymptomatic patients for screening purposes. However, as
stated in [25], CRC symptoms are nonspecific: rectal bleeding can come from haemorrhoids or
ulcerative colitis, or other factors that may not be cancerous tumors. So, if occult blood in stool is
what is tracked for CRC detection, more false positives will be found in *“symptomatic patients” than
in an asymptomatic population. We now see that the specificity of the test does not only depend on
the test itself as it also depends on the cohort. However, sensitivity will not be affected. This is
important if the objective is to detect who does not have CRC.

Using these values, we can infer the results of more FIT tests on this specific cohort (cf. Table 4.).

Table 4. Finding out the new incidence of CRC in the FIT+ and FIT- subcohorts.

Cohort size | Incidence % | Specificity % | Sensitivity %

Parameters
808 3.34 67.22 96.30
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First FIT test
Specificity % | Sensitivity % | Cohort size Sick Healthy
32.78 3.70 808 27.00 781.00
Original cohort
Patients Nb TRUE FALSE SICK HEALTHY
FIT + 282.00 26.00 256.00 9.219858% 90.780142%
FIT - 526.00 525.00 1.00 0.190114% 99.809886%

We see that the probability of being sick if tested positive (FIT+) is 9.21%, which is 2.76 times
higher than in the original cohort. The probability of being sick if tested negative (FIT-), is now 0.19%,
so the sub-cohort incidence has been divided by 17.58. Unfortunately, 0.19% chance of having CRC
is still much too important, because every 1000 patients, 2 patients will unknowingly have CRC.

As for the simple example, our proposition is to now consider two sub-cohorts: one cohort of
308 FIT+ patients and a second cohort of 500 FIT- patients and repeat FIT tests (rather than
performing costly and resource-intensive colonoscopies, noting that every time a FIT test is done on
a sub-cohort, the incidence rates will compound.

3.2.1. Results of 4 FIT Tests on the Low-Moderate Risk Cohort of [25]

We now present both an aggregated table for the 4-FIT Compound Bayesian Inference in Table
5 and Figure 1, which represents the sigmoid evolution of the probability for patients to have CRC
over multiple consecutive tests:

Table 5. Cumulated results of four FIT tests on the L/MR cohort.

4-FIT test
EP % EN % Cohort size Sick Healthy
On 3-FIT 32.78 3.70 808.00 27.00 781.00

subcohorts Patients Nb SICK HEALTHY SICK HEALTHY
FIT++++ 32.23 23.22 9.02 72.028812%  27.971188%
FIT+++— 77.53 3.57 73.96 4.607010%  95.392990%
FIT++— 227.71 0.21 227.51 99.909507%
FIT+— 311.05 0.01 311.05
FIT— 159.47 0.00 159.47

The 32 FIT++++ patients must clearly be prioritized for a colonoscopy, as they have 72% chance
of having CRC: they are on the 1st sigmoid of Figure 1. The 4xFIT CBI screening shows its efficiency
here, because they would be immediately prioritized (this is already what the team of [25] has done
on their High-Risk priority patients, who benefited immediately from a colonoscopy).
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The 77 FIT+++- patients who have a 4.6% chance of having CRC should also be prescribed a
colonoscopy because they are on the 2nd orange sigmoid of Figure 1. Altogether the cumulated
number of FIT++++ and FIT+++- patients of the Low-Moderate Risk cohort is only 109.
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Figure 1. Evolution of the probability of having CRC depending on the positivity or negativity of FIT tests. FIT+

goes up, FIT- goes down.

One could think that the 228 FIT++-- patients are more problematic because they have a 0.09%
chance of having CRC, which is 4.6 times more than the incidence of CRC in the asymptomatic
population of the Metropolitan region, to which they belong. However, Figure 1. shows us that even
if they were positive to a 5th FIT test, it would not be conclusive. The 3rd (pale yellow) sigmoid
evolves really slowy. The decision of whether or not to lower their priority in accessing colonoscopy
could lie with the hospital ethics committee. Figure 1. clearly shows that performing a fifth or sixth
test would not yield any additional significant information, showing a limit of the multiple FIT tests
for this cohort. This is why we posit that for this cohort, four FIT tests represent the optimal balance
between significance and number of tests.

The 470 FIT+--- and FIT---- patients have a really low probability of having CRC (less than
0.002%, i.e., 10 times less than the incidence of CRC in the asymptomatic people of the Metropolitan
region to which they belong). Their acces to a colonoscopy could probably have been safely lowered,
in spite of their initial belonging to the Low to Moderate Risk cohort, therefore giving the opportunity
to other higher-risk patients to get access to a colonoscopy sooner.

To summarise, we posit that 4 FIT tests would indicate whether previous patients from the same
hospital were on the first two “dangerous sigmoids”. If priority to a colonoscopy was given to
patients on the 1st and 2nd sigmoid (FIT++++ and FIT+++-) their number would be 109, which means
that their waiting list could be reduced by 86.5%.

3.2.2. Potential Results of 4 FIT CBI on the High Risk Patients Cohort [25]

[25] also gives us the incidence of CRC on the High-Risk cohort: it is composed of 345 patients
of which 16 were diagnosed with CRC thanks to a high-priority colonoscopy. Because they are
patients of the same hospital, we could assume they come from a similar population but more
importantly, they would be tested the same way as the L/MR cohort. The specificity of FIT on this
High-Risk cohort would be lower than in the Low to Moderate Risk cohort, but remember that what
we are interested in is the sensitivity of the test, that has no known reason to vary.
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Table 6. shows the aggregated results for the High Risk cohort.
Table 6. Cumulated results of four FIT tests on the HR cohort.
4-FIT test
FP % FN % Cohort size Sick Healthy
On 3-FIT 32.78 3.70 345.00 16.00 329.00
subcohorts Patients Nb SICK HEALTHY SICK HEALTHY
FIT++++ 17.56 13.76 3.80 78.366618% 21.633382%
FIT+++— 33.27 2.12 31.16 6.361622% 93.638378%
FIT++— 95.96 0.12 95.84 99.872747%
FIT+— 131.03 0.00 131.03
FIT— 67.18 0.00 67.18

We see that had a 4-FIT CBI protocol been used on this cohort, 51 patients could have been
prioritised but more importantly: 96+131+67 = 294 out of 345 patients could have been given a lower
colonoscopy priority, reducing the waiting list by 85.2% for the FIT++++ and FIT+++- patients.

More importantly, these 345 patients had a much lower probability to have CRC (<= 0.127%)
than the FIT++++ and FIT+++- of the L/MR cohort, but due to their “High-Risk” symptoms, they were
given direct access to a colonoscopy, even though we showed that there were patients of the L/MR
cohort who had a much higher probability to have CRC. Using a 4-FIT CBI test on the whole HR and
L/MR cohort could really have improved the 5 year survival chance of the 110 “Low to Moderate Risk
patients” who were on the 1st and 2nd sigmoid and did not have fast access to colonoscopy, of whom
10 died between the date of the study (2019) and the date of the submission of the paper to The Lancet
(before March 2025).

3.3. Mathematical Analysis of the Performance of Multiple FIT Compound Bayesian Inference Tests on the
L/MR Cohort of [25]

Figure 2 is very interesting because it shows the evolution of the number of positive or negative
patients for 1 to 5 FIT CBI tests on [25]’s L/MR cohort.
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Figure 2. Evolution of the number of positive or negative patients for 1 to 5 FIT CBI tests on the L/MR cohort.

After 1 FIT test is performed (top dark orange curve), 2 categories appear: 282 patients will be
positive and 526 negative. However, we know that only 27 of the 808 have been diagnosed for CRC.
So the 282 positives reflects the imprecision of a single test (too low specificity). As the number of
tests increases (2-FIT CBIL 3-FIT CB], etc.), we see that there are fewer and fewer continuously positive
patients: 109 FIT++ (in a 2-FIT test), 52 FIT+++ (in a 3-FIT test) etc., until, for 5-FIT tests, we see that
there are only 25 FIT+++++, when we know that there were 27 diagnosed patients. We see here the
imprecision linked to imperfect sensitivity: 2 of the 27 diagnosed patients had at least one negative
FITs, which is where the problem lies: the more tests will be performed, the more chance some tests
will be False Negatives, showing (mathematically) that increasing the number of FIT tests in hope
that they would precisely detect the number of sick patients is illusory. Because there are False
Negatives (due to intermittent bleeding), there will always be patients with CRC who will have
negative FITs.

The graph of Figure 2 shows in a different way why 4 consecutive tests seems to be the optimal
number for FIT tests: performing fewer than 3 tests leads to too many colonoscopies. Performing
more than 4 tests does not provide sufficient additional information for reducing significatively the
number of needed colonoscopies.

4. Discussion

The use of Bayesian inference for making predictions is certainly not a novel technique, as it has
been described as early as 1763 [19] and 1771 [26]. However, we have not found any references to the
method we propose of creating sub-cohorts with improved compound incidence to enhance the
predictive value of data collected from previous clinical trials, including in books specialised in
Bayesian statistics such as [27,28]. As stated in [16], colon polyps in the early stages of development
bleed intermittently, which is why a single negative FIT test is not conclusive enough to remove a
patient from a waiting list. This intermittent bleeding makes two consecutive FIT tests independent
of each other, enabling us to combine the results of successive tests to improve their predictive power.

We mathematically show that 4xFIT CBI tests can tell if a patient is on the first of second sigmoid
of Figure 1, or on a much less risky third sigmoid. Although articles have been published on
predicting CRC using a Bayesian methodology [29,30], we could not find any papers showing a
similar approach, or proposing to use independent FIT tests with Bayesian inference to prioritise
patients or reduce the number of patients on the colonoscopy waiting list, which is the focus of this

paper.
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If our method had been applied on the totality of the High-Risk and Low/Moderate Risk cohorts
of [25], the 33 patients with 72% probability of CRC of the L/MR cohort would have had access to a
colonoscopy before the 326 patients of the HR cohort who had 6.35% (or less) probability to have
CRC. 10 of the L/MR cohort died between the clinical study and the preprint publication of [25].
Having had a colonoscopy earlier may have improved their survival chances.

5. Conclusions

The objective of this research is to show that using 4 very cheap (and immediately accessible)
FIT tests could determine the probability of a patient to have CRC. It is important to understand that
the proposed CBI approach is descriptive, i.e., the only information it can provide to the doctors is
the following;:

e In this hospital (or region, or country), it is observed from previous data that people with 4
positive FIT tests had an xx% of having CRC.

e Anew person is being tested for CRC. If this person is FIT++++, it is observed that in the past, in
this hospital (or region or country) FIT+++++ people had yy% chance of having CRC.

We think that this information could help a doctor (with the validation of an ethics committee)
prioritize the access of people (or patients) to colonoscopies when they cannot be performed
immediately to all.

Many countries cannot afford to offer free colonoscopies to all their population over 50 or 55,
like what Germany is offering, but as shown in other papers, 1-FIT test screening (as proposed in
other countries such as France) is insufficient. The 4-FIT CBI approach that we propose is
mathematically sound and could provide health institutions with valuable information to rapidly
detect and prioritize patients in need for a colonoscopy by reducing their number by over 98.9% for
screening of asymptomatic patients, and over 85% on the symptomatic cohort of [25] who, in Chilean
public hospitals can face a >1 year waiting list for colonoscopies, during which cancers will develop.

We hope that the purely mathematical analysis in this paper will convince hospitals to conduct
real-world clinical trials to validate the approach experimentally. If verified, this screening method
based on mathematical Bayesian Inference could save lives (and millions of dollars to all world health
systems (including Germany) if enough validation data could show that some colonoscopies are
unnecessary.

Then, Compound Bayesian Inference could also be used to integrate other markers [31] or for
screening other types of cancers or sicknesses if cheaper / less invasive / less resource-intensive tests
(such as blood tests with lower specificity and sensitivity) are available [32] as this new multi-purpose
Bayesian-based statistical method for establishing the incidence in subcohorts that we are proposing
here were used, because it can exploit the combined descriptive power of several independent tests.

Supplementary materials: The following supporting information can be downloaded at: Preprints.org. A

spreadsheet file is provided for reviewers to replicate the different tables and curves presented in this paper.
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