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The ultimate goal of our efforts

•Avoid CRC death – by early detection of cancer

•Avoid occurrence of CRC - by detection (and removal)
of adenoma

How much we would 
like to spend to:
• Avoid one CRC death
• Avoid one CRC



Short-term outcome: Stage shifting

AJCC 
stage

CRC in unscreened 
group

CRC in screened group

Overall First FIT screening Subsequent FIT screening

N % N % N % N %

0 2019 6.7 3568 24.4 2024 21.5 1544 29.6
I 4587 15.1 4268 29.2 2677 28.5 1591 30.5
II 7317 24.2 2274 15.6 1594 17.0 680 13.1

III 8812 29.1 3232 22.1 2195 23.4 1037 19.9

IV 7560 25.0 1268 8.7 910 9.7 358 6.9

Total 30295 100.0 14610 100.0 9400 100.0 5210 100.0

Chiu HM et al. Gut. 2021;70:2321-2329.



35% reduction 
(aRR=0.60, 95%CI=0.57-0.64) 

29% reduction
(aRR=0.66, 95%CI=0.63-0.70)

Long-term outcome: 
Mortality and incidence of advanced stage CRC

Chiu HM et al. Gut. 2021;70:2321-2329.

CRC mortality Incidence of advanced stage CRC



Current effort in the CRC screening community

• Improve participation

• Improve screening quality: FIT & Colonoscopy

• Improve resection techniques

• Improve safety

•Rely largely on RCTs and long-term cohort studies



Thinking beyond screening

⚫ The United States was the first country to 
achieve reductions in both colorectal 
cancer incidence and mortality, with 
declines of 26% and 22%, respectively, 
between 1975 and 2006.

⚫ 50 % incidence reduction could be 
attributable to screening

⚫ Mortality reduction attributable to:
✓ Screening: 53%

✓ Life style modification: 35%

Annual report of American Cancer Society
Edwards et al. Cancer 2010



Spill over effect may exist
Screening regime CRC (Duke A or B)

CRC (Duke C or D)

or CRC death
CRC death RR 95% CI

Multiple screening

Annual 278.30 167.87 102.82 0.67 0.52-0.86

Biennial 253.48 192.69 113.94 0.74 0.58-0.94

Three-yearly 241.88 204.29 119.02 0.77 0.61-0.98

Four-yearly 234.96 211.21 121.91 0.79 0.62-1.00

Five-yearly 231.17 215.00 124.25 0.81 0.64-1.02

Single screening for CRC

Annual 329.54 195.22 118.22 0.77 0.60-0.97

Biennial 300.17 224.58 131.24 0.85 0.67-1.07

Three-yearly 286.43 238.33 137.18 0.89 0.71-1.12

Four-yearly 278.20 246.55 140.57 0.91 0.73-1.15

Five-yearly 273.70 251.05 143.35 0.93 0.74-1.17

Control 250.50 274.25 154.17 1

Yang KC et al. J Med Screen 2006;13 Suppl 1:S8-13 



Increase screening participation
Enhance colonoscopy compliance

Prevent CRC death
Prevent CRCPredict future CRC risk

Risk stratification
• Enhance effectiveness
• Enhance efficiency

How much are we willing to 
spend to achieve these ?



Fecal Hemoglobin as a 
Trigger of 4P CRC 
Screening



Chen LS et al. Lancet Oncology 2011;12:551-558

Our very early findings set the scene for f-Hb-based 
precision CRC screening



f-Hb is associated with the risk of advanced neoplasm

FHbC
(μg/g feces)

Subjects with 
non-AA only, n

PPV for non-
AA, %

Subjects with 
AA, n

PPV for AA, %
Subjects with 

CRC, n PPV for CRC, %

20-49 3956
25.5

(23.9-27.1)
1398

9.0
(7.4-10.6)

304
2.0

(0.4-3.5)

50-99 2165
24.9

(22.8-27.0)
1005

11.6
(9.5-13.7)

283
3.3

(1.2-5.4)

100-149 875
23.8

(20.6-27.1)
512

14.0
(10.7-17.2)

183
5.0

(1.8-8.2)

≥150 2183
19.9

(18.1-21.8)
1737

15.9
(14.0-17.7)

1190
10.9

(9.0-12.7)

Chiu SY Chiu HM et al. Gut. 2017;66:293-300.



F-Hb predicts PCCRC risk

Overall Negative colonoscopy

Chiu SY, Chiu HM et al. Gut. 2017;66:293-300
“Your colonoscopy quality is poor, and that’s why f-Hb is associated 
with the risk of PCCRC after negative colonoscopy in your cohort”



Inflammation and GI cancer: not uncommon

Diseases Biomarker Consequences

Chronic hepatitis B and C Abnormal AST / ALT Hepatocellular carcinoma

H.pylori infection chronic 
gastritis

Reddish discoloration of 
colonic mucosa

Gastric cancer

Inflammatory bowel 
disease

Inflammation of colonic 
mucosa
Stool calprotectin

Colitic cancer

Colorectal neoplasm FIT? CRC



MetS increases the risk of advanced neoplasms occurrence 

Endoscopic group
Overall

N=4,483
MetS

N=1,348
Non-MetS
N=3,606

Normal group (5y) 1.3% 2.1%* 1.0%

Low-risk group (5y) 2.4% 4.1%* 1.6%

High-risk group (3y) 8.5% 9.3% 8.1%

*:P<0.05

Chiu HM et al. Clin Gastroenterol Hepatol. 2015;13:1134-42. 



High-risk group: P=0.48Normal group: P<0.001 Low-risk group: P=0.04

MetS increases the risk of advanced neoplasms occurrence 

Chiu HM et al. Clin Gastroenterol Hepatol. 2015;13:1134-42.



Low grade inflammation and colorectal neoplasia

Neoplasia
Advanced 

neoplasia
Synchronous 

neoplasia
Concurrent synchronous & 

advanced neoplasia

OR
(95%CI)

p-value
OR

(95%CI)
p-value

OR
(95%CI)

p-value
OR

(95%CI)
p-value

Q1 1 - 1 - 1 - 1 -

Q2
1.05

(0.85-1.31)
0.64

1.41
(0.87-2.28)

0.16
1.29

(0.80-2.08)
0.29

1.36
(0.53-3.50)

0.52

Q3
1.06

(0.85-1.31)
0.62

2.07†

(1.33-3.23)
0.001

1.89†

(1.22-2.92)
0.004

3.24†

(1.43-7.37)
0.005

Q4
0.89

(0.70-1.12)
0.32

2.17†

(1.38-3.39)
0.0008

1.49
(0.94-2.38)

0.092
2.48†

(1.05-5.87)
0.038

Chiu HM et al. Am J Gastroenterol 2008;103:2317-25.
Q: quartile of plasma CRP:
Q1: CRP<0.5 mg/dL, Q2: 0.5 mg/dL ≤CRP<0.8 mg/dL, 
Q3: 0.8 mg/dL ≤CRP<1.4 mg/dL, Q4: 1.4 mg/dL ≤CRP 



Adipose tissue・ Hematopoietic organ ・ Liver

Hotamisligil et al. Nature 2006; 444: 860

The adipose tissue, liver and hematopoietic system 
are all organized in one functional unit 
in Drosophila melanogaster, known as the 'fat 
body'. This developmental heritage may underlie 
the highly overlapping biological repertoire of 
these organs, their effects on metabolic and 
immune cells, and the close link between immune 
and metabolic response systems.



“Metaflammation”
– Fat tissue, immune system, and liver are connected

Insulin-receptor signaling interfaces 
with inflammatory signaling 

Organization and proximity of principal metabolic 
and immune cells in adipose tissue and liver 

Hotamisligil et al. Nature 2006; 444: 860



Colorectal Cancer Screening 2.0
-f-Hb plays a pivotal role in precision CRC screening

Chiu HM, Matsuda T. Dig Dis Sci 2025;70:1616-1624.

Gut 2021

JAMA Oncol. 2024

Gastroenterology 2026

Gut 2017

More?



Time from FIT to 
colonoscopy

CRC risk
Advanced stage 

CRC risk

Within 6 month Ref Ref

6-9 months ↑30% 2X

9-12 months ↑30% 2X

> 12 months 2X 2.8X
Modified from: Lee YC et al. Clin Gastroenterol Hepatol. 2019;17:1332-1340.

Timely colonoscopy after +ve FIT is crucial



Timely colonoscopy after +ve FIT is crucial

Forbes N et al. Clin Gastroenterol Hepatol. 2021;19:1344-1354.

CRC risk Advanced stage CRC risk



FIT to 
colonoscopy 

interval
CRC risk

Advanced CRC 
risk

within 6 mon Ref Ref

6-9 mon ↑30% 2-fold

9-12 mon ↑30% 2-fold

> 12 mon 2-fold 2.8-fold

Timely colonoscopy after +ve FIT is crucial, but f-Hb 
can further tailor it

Modified from: Lee YC et al. Clin Gastroenterol Hepatol. 2019;17:1332-1340.

Baseline f-Hb 

(µg Hb/g feces)
CRC risk Advanced CRC risk

20–49 1 1

50–99 1.5-fold 1.6-fold

≥100 4.3-fold 6.7-fold



Non-compliance to colonoscopy

CRC death 
increased by 

64% if not 

undergo 
colonoscopy

Lee YC et al. J Natl Cancer Inst. 2017;109(5). 



FHbC can set priority for colonoscopy referral

Non-complier (50-99)

Non-complier (>=100)

Non-complier (20-49)

Complier

Subjects with high f-Hb 

should be more 
intensively contacted for 

colonoscopy after positive 
FIT

Lee YC et al. J Natl Cancer Inst. 2017;109(5). 



PPV
(based on 
2020 data)

FHbC
(μg Hb/g) 

FIT positive, n Colonoscopy rate, % Backlog Expected No. of CRC

Jan-Apr May-July Jan-Apr May-July Jan-July Jan-July

7.8% >=150 8654 2322 58.9% 21.5% 5384 418

2.4% 100-149 3537 868 59.5% 23.6% 2095 51

1.7% 50-99 9132 2288 60.7% 22.8% 5356 92

0.9% 20-49 18515 4739 59.7% 21.6% 11181 104

2.8% TOTAL 39838 10217 59.7% 22.0% 24016 665

Set priority for colonoscopy based on FHbC during COVID
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20-49

50-99

100-149

150+

An interesting finding 
that we observed before 
COVID pandemic…

Those who had high f-Hb were less 
compliant to colonoscopy after 
positive FIT
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Community 
Outbreak

f-Hb-based 
approach started

Nationwide endoscopy unit meeting 

“Public health in action” meeting

Intervention



Chiu HM et al. DDW 2022

Although we performed far fewer colonoscopies, we 
detected a similar number of CRC during the pandemic
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F-Hb predicts PCCRC risk

Overall Negative colonoscopy

Chiu SY, Chiu HM et al. Gut. 2017;66:293-300
Tailored surveillance interval recommendation 
incorporating current guidelines and f-Hb



Precision surveillance based on f-Hb to reduce PCCRC
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Chuang MP et al. Gastroenterology 2026 (In press)



Reduced PCCRC risk and surveillance 
colonoscopy workload

Comparator 
strategy

Colonoscopy
demand

CRC risk
Change in colonoscopy 

demand

USMSTF guidelines 134,165

Low-risk (7 years)
 4.0%

(CI: 3.1%- 4.9%)
 28,930 ( 63.8%)

High-risk (3 years)
 13.4%

(CI: 12.6%- 14.1%)
 8,781 ( 9.9%)

Overall
 8.6%

(CI: 8.2%- 9.1%)
 20,149 ( 15.0%)

ESGE guidelines 163,395

Low-risk (10 years)
 1.2%

(CI: 0.3%- 2.1%)
 33,397 ( 63.1%)

High-risk (3 years)
 15.5%

(CI: 14.6%- 16.3%)
 15,004 ( 13.6%)

Overall
 8.2%

(CI: 7.8%- 8.7%)
 20,149 ( 11.3%)

Chuang MP et al. Gastroenterology (In press)



Interval FIT as a surveillance tool to reduce PCCRC

Peng SM, Chiu HM et al. Gut. 2021;70:1318-1324.



F-Hb

ADR



f-Hb-based tailored inter-screening intervals

Given a colonoscopy rate of 60%:

• Reduce FIT by 49%
• Reduce colonoscopy work load by 46% 

Yen MF et al. JAMA Oncol. 2024;10:765-772.



New definition of FIT positivity

Risk per 1000
FIT 2 (μg Hb/g)

<10 10-14 15-19 20-49 50-99 100-149 150+

FIT 1
(μg Hb/g)

<10 0.9 3.1 4.3 4.6 6.0 8.1 13.2

10-14 2.8 4.4 7.1 7.7 12.5 13.7 25.0

15-19 3.3 7.7 9.8 7.4 13.5 15.6 28.8

FIT 1 a

(μg Hb/g)

PCCRC

20-49 2.3 4.1 5.3 6.2 7.3 10.3 18.3

50-99 2.6 4.8 4.8 7.6 9.3 15.3 22.5

100-149 3.0 6.3 3.0 6.3 11.7 11.4 17.2

150+ 2.4 5.0 8.9 7.0 12.0 13.5 24.2

FIT 1 b

(μg Hb/g)

20-49 2.9 6.5 7.3 9.6 14.9 16.5 31.4

50-99 3.6 6.7 6.5 14.9 17.7 26.9 47.0

100-149 4.6 6.0 5.6 12.3 21.0 13.0 45.3

150+ 4.5 12.6 12.2 19.9 21.9 28.0 55.6

Su CW et al. DDW 2026



Interval CRC risk for individuals with and without 
detectable f-Hb in their last screening

van Stigt BJ et al. Int J Cancer. 2025;156:1783-1790.



Cutoff can be tailored based on age, gender, and 
colonoscopy capacity

4%

5.56%

3.43%

5.08%
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Universal Threshold ROC derived threshold method Targeted 80% Sensitivity Targeted 5% False Positive Rate Colonoscopy-capacity-adjusted
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Chen SL, Young GP et al. Cancer Epidemiol Biomarkers Prev. 2018;27:704-709. 



Entire eligible 
population

Selected 
high-risk 

population

Which is better?

High ADR endoscopist

Low ADR endoscopist

Average ADR endoscopist

PCCRC 
risk

PCCRC 
risk

CRC death 
risk

CRC death 
risk

FIT IC 
risk
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Zorzi M, et al. Ann Intern Med. 2023;176:303-310.

How can we further reduce PCCRC risk in the FIT 
screening program?

PCCRC risk overlaps across upper ADR tiers 



Hsu WF, Chiu HM et al. DDW 2026

Tailored colonoscopy referral based on f-Hb

APC (adenoma per colonoscopy)= Total No. of adenoma / Total No. of colonoscopy



Modified from: Hofseth LJ et al. Diet and acute and chronic, systemic, low-grade inflammation.
In book: Diet, Inflammation, and Health (pp.85-111)



Neoplasm is probably not the sole origin of f-Hb

Made by Gemini



F-Hb concentration and cardiovascular risk

Cardiovascular risk Cardiovascular death risk

Chien KL et al. BMJ Open. 2020;10(6):e032633.



F-Hb concentration and other causes of death

Kaalby L et al. BMC Med. 2023;21:29.



Made by Gemini



Exercise after polypectomy can reduce the 
risk of metachronous AN in MASLD patient

Chang WY, Chiu HM et al. JAMA Network Open 2026 (In press)



Each lifestyle goal and aHR (95% CI) of meta-ACRN

0.1 1 0.1 1

Less burden (Baseline CMRFs 1-3, n=1,243) Heavier burden (Baseline CMRFs 4-5, n=1,057)

0.29 (0.12-0.67)

0.55 (0.33-0.92)

0.46 (0.21-1.00)

0.71 (0.41-1.22)

0.45 (0.19-1.05)

0.88 (0.46-1.70)

0.96 (0.41-2.25)

0.93 (0.45-1.92)

Lifestyle and the risk of metachronous AN in 
MASLD population

Chang WY, Chiu HM et al. DDW 2026



Our dream will come true
-Turning bold ideas into real-world impact

Made by Gemini





3. Decision-supported Layer 2. Computational Layer

Dynamic f-Hb trajectory

Disease progression

Personal features

(eg. Inter-screening Interval & Emerging 
detection modality)

4. Personalized Service Layer

3-year 
Interval

6-year 
Interval

2-year 
Interval

Individuals with personal features 
& longitudinal FIT history

Digital Twin: personalized risk 
modelling (Dynamic FIT + Features)

1. Physical Data Layer

5. Intervention Layer 
Primary Prevention and Surveillance 

& Early awareness of CRC

Longer interval 
(lower risk)

Shorter interval 
(higher risk)

Reinforcement 
Learning

Deep Learning Bayesian Network 

SHAP

Courtesy of Prof Tony Hsiu-Hsi Chen



Gastroenterology. 2021;161:1787-1789.



Summary

• CRC screening must evolve to the next stage

• FIT should be used beyond a simple positive/negative 
threshold

• Harness the synergistic effects of primary and secondary 
prevention

•Modern technologies enable precision, risk-stratified 
screening and prevention

• Thinking outside the box



Thank you


