
Wen-Feng Hsu, MD, PhD 

National Taiwan University Hospital

2026/06/05

Precision Screening and Surveillance: 

Risk-Based Strategies with Fecal 

Hemoglobin Concentration 



Outline

1. Fecal Hemoglobin Concentration (FHbC) as an Independent 

Risk Factor for Advanced Adenoma and CRC

2. Utilizing FHbC to Guide Precision Screening Strategies

3. Future Prospects: Risk-adaptive FIT Screening



Outline

1. Fecal Hemoglobin Concentration (FHbC) as an Independent 

Risk Factor for Advanced Adenoma and CRC

2. Utilizing FHbC to Guide Precision Screening Strategies

3. Future Prospects: Risk-adaptive FIT Screening



FIT-based CRC Screening Program
– Framework of the Taiwan CRC Screening Program 

Aged 45-74

Cut-off value:

20 µg Hb/g feces



FHbC is associated with the likelihood of advanced 

neoplasia at colonoscopy

Barcelona CRC Screening Program

Auge JM, et al. Gastroenterology 2014;147:628–636

FHbC

(μg Hb/g feces)

PPV for 

Advanced 

adenoma, %

PPV for CRC, 

%

20-49 9.0 2.0

50-99 11.6 3.3

100-149 14.0 5.0

≥150 15.9 10.9

Chiu SYH, et al. Gut 2017;66:293–300.

Taiwan CRC Screening Program



Women 50-59 Women 60-69

Men 50-59 Men 60-69

Auge JM, et al. Gastroenterology 2014;147:628–636



FIT-based CRC Screening Program 

Aged 45-74

Cut-off value:

20 µg Hb/g feces



Negative FIT
– Baseline FHbC predicts the subsequent incidence of colorectal neoplasia

Cumulative incidence of adenoma and colorectal 

cancer by FHbCFecal Hb 

concentration 

(ng/mL)

aHR

1-19 1.00

20-39 1.43(1.08-1.88)

40-59 1.88(1.31-2.71)

60-79 1.77 (1.06-2.94)

80-99 3.41(2.02-5.75)

≥100 8.46 (6.08-11.76)

Risk of colorectal neoplasia

Chen LS, et al Lancet Oncol 2011; 12: 551–58.Cut-off value: 100 ng/mL



Negative FIT
– Cumulative FHbC predicts AN/CRC risk

Senore C, et al. Gut 2019;69:523–530.

Predictors of the DR of CRC and advanced adenoma at the third FIT

Cumulative DR of an (advanced adenoma or CRC) by cumulative f-Hb concentration over two consecutive FITs and time since the second FIT



FIT-based CRC Screening Program 

Aged 45-74

Cut-off value:

20 µg Hb/g feces



Positive FIT 
– Higher FHbC is linked to increased CRC mortality among non-compliers

Cumulative mortality rates of the non-referral groupCumulative mortality of colorectal cancer

Lee YC, et al. J Natl Cancer Inst 2017; 109(5): djw269



FIT-based CRC Screening Program 

Aged 45-74

Cut-off value:

20 µg Hb/g feces



Positive FIT
– Risk of Post-colonoscopy CRC in relation to FHbC

Chiu SYH, et al. Gut 2017;66:293–300.

Negative colonoscopyAll colonoscopy



Negative Colonoscopy
– Risk of subsequent incident CRC

FHbC

(μg hemoglobin/g faces)
HR aHR

20-39 Ref Ref

40-59 1.98(1.07-3.66) 1.94(1.05-3.58)

60-99 1.00 (0.47-2.11) 0.95(0.45-2.01)

100-149 2.40(1.23-4.70) 2.28(1.17-4.46)

≥150 2.59(1.54-4.37) 2.46(1.45-4.15)

Peng SM, et al. Gut 2021;70:1318–1324.



FHbC as a Tool for Precision CRC Screening

Chiu HM and Matusda T. Digestive Diseases and Sciences. 2024: 1-9.
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Risk-tailored inter-screening interval using FHbC
– PERFECT-FIT

Breekveldt ECH, et al. BMC Gastroenterology 2023; 23:45

The Dutch National CRC Screening Program



Risk-tailored inter-screening interval using FHbC
– Empirical data from the Taiwan CRC Screening Program

Yen AMF, et al. JAMA Oncol. 2024;10(6):765-772.



Relative Risk of CRC Death and Precision Inter-

screening Intervals Determined by FHbC

Yen AMF, et al. JAMA Oncol. 2024;10(6):765-772.



Tailored vs. universal intervals
– FIT and colonoscopy utilization  

Yen AMF, et al. JAMA Oncol. 2024;10(6):765-772.



Current Global Surveillance Guidelines

US-MSTF

ESGE

Asia- Pacific 
Consensus

1 year 3 years 5-10 years/ Return to Screening

>= 10 adenomas

• Adenoma >= 10mm/TVA/HGD
• SSP >= 10mm/dysplasia
• 5-10 adenomas/SSPs
• TSA

• 1-2 SSPs < 10mm (5-10 years)
• 1-2 adenomas < 10mm (7-10 years)
• <= 20 HP <10 mm

• Adenoma >= 10mm/HGD
• SSP >= 10mm/dysplasia
• 5-10 adenomas

• 1-4 tubular adenomas < 10 mm
• <= 20 HP <10 mm
• 1-4 SSP < 10mm

• Adenoma >= 10mm/TVA/HGD
• SSP >= 10mm/dysplasia
• >= 3 adenomas/SSPs

• 1-2 adenomas < 10mm
• 1-2 SSPs < 10mm

*TVA=Tubovillious adenoma, HGD=High- grade Dysplasia, SSP= Sessile serrated polyp, TSA=Traditional Serrated adenoma, HP=Hyperplastic polyp
**ESGE, European Society of Gastrointestinal Endoscopy; USMSTF, US Multi‐Society Task Force.

Abu-Freha N, et al. United European Gastroenterol J. 2021.

Sung JJY, Chiu HM, Lieberman D, et al. Gut 2022.

Low riskHigh risk



Cumulative CRC Risk by FHbC Level in Low- and 

High-Risk Adenomas

Low risk High risk

Chuang MPC, et al. Gastroenterology. 2026; Online ahead of print.



Estimated Risk, aHR (95%CI) Average hazard approach interval 

(Years)

FHbC Level Low-risk High-risk Low-risk High-risk

20-49 Reference Reference 11 3

50-99 1.19 (0.95-1.51) 1.08 (0.89-1.32) 9 3

100-149 1.57 (1.18-2.08) 1.21 (0.95-1.54) 7 2

150-249 1.74 (1.32-2.28) 1.45 (1.17-1.80) 6 2

250-449 1.80 (1.30-2.50) 1.50 (1.16-1.93) 6 2

>=450 2.12 (1.62-2.77) 1.50 (1.20-1.86) 5 2

Current Suggestion 7-10 3

Pragmatic Intervals by FHbC Level for Low- and High-

Risk Adenomas Within the USMSTF Guideline  

Chuang MPC, et al. Gastroenterology. 2026; Online ahead of print.



Future Surveillance Intervals and Colonoscopy Capacity

– Personalized Strategy vs. Current Recommendation

Strategy
Colonoscopy 

capacity requirement

Reduction in CRC risk for subjects with f-Hb 

> 250 μg Hb/g feces

Change in colonoscopy 

capacity requirement (%)

Current 

guidelines
177,766 - Reference

Personalized 

strategy
160,316

Low-risk 
↓ 4.8%

(CI: 3.8%- 5.7%)
↓ 17,689 (↓39.0%)

High-risk 
↓ 8.7%

(CI: 8.0%- 9.5%)
↑ 239 (↑ 0.2%)

Overall
↓ 6.7%

(CI: 6.3%- 7.1%)
↓ 17,450 (↓9.8%)

Chuang MPC, et al. Gastroenterology. 2026; Online ahead of print.
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Evolution from Qualitative to Quantitative FIT
CRC mortality

Chen et al, 2011 Lancet Oncology
Yen et al, 2024 JAMA Oncology

All cause mortality

Chen  et al., BMC Open, 2013

Colorectal neoplasia incidence

Previous f-Hb (ug/g)

2024



PCCRC

Colonoscopy 
non-complier 4 <1

Non-complier

(μg/g)

Surveillance
Low-risk 
Adenoma

High-risk 
Adenoma

FIT IC

Precision inter-screening intervals by clinical scenario 



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

Reinforcement Learning for Adaptive CRC Screening



Risk-adaptive FIT Screening



Negative FIT, 

Low f-Hb: 

A Longer, 

Personalized 

Interval



Negative FIT, 

Low f-Hb: 

A Longer, 

Personalized 

Interval



Positive FIT, 

High f-Hb: 

Closer, 

Personalized 

Surveillance



Challenges and Future Directions

• Public acceptability remains unclear:

Clear, personalized communication supports informed decisions (e.g., longer 

screening intervals for low-risk populations).

•Notification of FHbC to screening participants

• Effectiveness and cost-effectiveness remain unclear:

Precision strategies enhance outcomes; cost-effectiveness is still under evaluation.

Toes-Zoutendijk E, et al. Prev Med Rep. 2023.



Conclusions 

• FHbC is a CHEAP and USEFUL biomarker for risk 

stratification in the FIT screening program

• FHbC can power risk-adaptive FIT screening — from 

screening to surveillance



Thanks for your attention  


