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Predictions are not always easy



(Personal) perspective
screening vs surveillance
a huge amount of work but occasional 
patients picked up
but every 2-3 months advanced HCC 
in a young (African) male…not 
screened
Significant systems strain 
- >30% DNA rate
- False positives / anxiety
- Patient understanding
- Increasing admin
- Threshold (20%) outside criteria!
- Validity of scores on NUC 

treatment
- applicability

We’ve all made interesting decisions…BK Kim https://doi.org/10.3350/cmh.2024.0499
Clinical and Molecular Hepatology 2024;30:656-658



Disease burden and trends: Liver cancer 

Incidence and mortality by tumor type

- New cases (3rd)
- Deaths (3rd)
- Lethal (2nd)

Jemal A et al. JNCI 2017

Cancer incidence in the US (2009-2013)

Villanueva A. N Engl J Med 2019



 Understanding of natural history of the disease
‒ Long preclinical latent period allows early diagnosis

Wilson J, and Junguer G. Geneva: World Health Organization; 1968

  High burden of disease in at-risk population

  At-risk population easily identifiable

  Available acceptable screening methods
‒ low morbidity  & high sensitivity and specificity

  Safe, effective treatment
  Screening affordable and cost-effective

[Phil Johnson speaks eloquently on this point]

  Standardised recall procedures

Is HCC Surveillance justified?
WHO Criteria for Screening for Disease

Permission Ed Gane



‘Show me the numbers 
Mrs Landingham, that’s 
how you win the 
argument and convince 
me, 
Show me the 
numbers…’

J Bartlett West Wing

Levels of perception
Clinical vs epidemiological 



Is HCC Surveillance justified?
First (and last) RCT of HCC screening

18,816 people with HBV infection in Shanghai randomised to:
Surveillance with US + AFP Q6M (n = 9373) vs nil (n = 9443)
Surveillance adherence only 58%

Zhang BH, et al. J Cancer Res Clin Oncol. 2004;130:417-422.

Surveillance Control

HCCs <5cm 46% 0

Resection 57% 8%
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Surveillance in HCC
Evidence and approach

Singal T et al. J Hepatol 2022; 
Tzartzeva et al. Gastroenterology 2018

Surveillance performance
(Ultrasound +/- AFP)

Surveillance improves survival

HR 0.67



HCC screening: INTERNATIONAL GUIDELINES
AASLD (2018) EASL (2018) APASL (2017)

Screening population All HBsAg positive patients with:

• Cirrhosis
• Asian or black men over 40 
• Asian women over 50
• First degree relative with 

history of HCC
• Co-infection with HDV 

infection

Cirrhotic patients, Child Pugh A and B.

Cirrhotic patients, Child Pugh C, awaiting 
liver transplant.

Non-cirrhotic HBV patients at intermediate 
or high risk of HCC (PAGE-B score of 10-17 
and ≥18 points respectively, Caucasian 
patients).

Non-cirrhotic F3 patients, based on 
individual risk assessment.

Cirrhotic patients.

Non-cirrhotic HBsAg positive patients 
if:

• Asian females aged >50 years
• Asian males aged >40 years 
• African patients aged >20 years 
• Family history of HCC

Modality of screening Ultrasound every 6 months.

Insufficient evidence for or against 
addition of AFP monitoring.

Ultrasound every 6 months.

No recommendation can be made about 
utility of AFP for early tumour detection 
when used to complement ultrasound 
surveillance.

Combination of ultrasound and serum 
AFP every 6 months.

Measurement of AFP alone is not 
recommended for routine 
surveillance of HCC.

Other comments Advises against screening patients 
with cirrhosis and Child Pugh C, 
unless they are on the transplant 
waiting list.

Acknowledges lack of a universal 
prognostic model to assess risk of 
developing HCC.

Surveillance strategies in those with 
decompensated Child Pugh C cirrhosis 
may not be cost-effective, unless they 
are awaiting liver transplantation.

HCC Surveillance: International Society Guidance

Seem very blunt 



HCC screening: RISK PREDICTION SCORESPAGE-B mPAGE-B aMAP mREACH-B CAMD

Patients, n 1325 (Derivation)

490 (Validation)

2001 (Derivation)

1000 (Validation)

17 374 (Total)

75.3% chronic HBV 
infection

192 (Derivation) 23 851 (Derivation)

19 321 (Validation)

Population Europe, Turkey South Korea 299 centres, across 
24 countries

South Korea Taiwan, Hong Kong

Risk score 
parameters

Age, gender, 
platelets

Age, gender, 
platelets, albumin

Age, gender, 
platelets, albumin, 
bilirubin

Age, gender, liver 
stiffness, ALT, 
HBeAg

Age, gender, 
cirrhosis, diabetes 
mellitus

Performance 
(AUROC, c-index)

0.81 at 5 years 
(Derivation)

0.82 at 5 years 
(Validation)

0.81 at 5 years
(Derivation)

0.82 at 5 years 
(Validation)

0.82 at 5 years 
(Derivation)

0.82-0.87 at 5 
years (Validation)

0.81 at 3 years 
(Derivation)

0.82 at 3 years 
(Derivation) 

0.75 at 3 years 
(Validation)

Interpretation of 
results

Scores range from 0 
to 25. 

Low risk (≤9 points), 
intermediate (10-
17), high risk (≥18 
points).

Scores range from 
0 to 21. 

Low risk (≤8 
points), 
intermediate (9-
12), high risk (≥13 
points).

Scores range from 
0 to 100. 

Low risk (<50), 
intermediate risk 
(50-60), high risk 
(>60).

Scores range from 
0 to 16.

LSM weighted as 
follows: <8.0kPa 
(0), 8.0-13.0kPa 
(2), >13.0kPa (4).

Scores range from 0 
to 19.

Low risk (<8 points), 
intermediate risk (8-
13 points) and high 
risk (>13 points).

HCC Surveillance: risk prediction scores



Risk stratification scores: REAL-WORLD EXPERIENCE @KCHStudy cohort (n=2014)

AUROC values:

mREACH-B (0.97)
PAGE-B (0.83) 
mPAGE-B (0.83)
aMAP (0.80)

AUROC values:

mREACH-B (0.96)
PAGE-B (0.73) 
mPAGE-B (0.73)
aMAP (0.68)

Sub-Saharan population (n=1210)

Brown et al. EASL 2019

Risk predication scores have excellent NPV: >98%

BUT they are poor at identifying high-risk cohorts

Risk stratification scores – real world experience @Kings
A lot of work to reassure ourselves 



HBV is an oncological virus
We should do better 



Ultrasound in Early Detection of Hepatocellular Carcinoma

Arterial Phase

Venous Phase

Baseline pre-contrast

Heimbach J, Kulik LM, Finn R et all. AASLD guidelines for the treatment of hepatocellular 
carcinoma. 
Hepatology https://doi.org/10.1002/hep.29086

• AASLD guidelines 

recommend US surveillance 

for HCC and diagnosis with 

CT/MRI

• 2017 AASLD guidelines 

acknowledge but does not 

recommend CEUS for 

diagnosis of HCC

• EASL and APASL recommends 

CEUS in the diagnosis of HCC

• But not 2023 AASLD…



Key differences of CEUS compared to CT and MRI

• Permits real-time imaging, eliminates possibility of arterial phase mistiming

• May allow detection of arterial phase hyperenhancement (APHE missed on CT or MRI)

• Uses purely intravascular microbubble contrast agents, which affects washout and ‘capsule' 

characterization.

• CEUS washout is true washout. 

• CEUS characterization of washout requires assessment of onset (late vs. early) and degree 

(mild vs. marked), not just presence. 

• Allows multiple injections of contrast agent, permitting more complete characterization

• Does not depict vascular pseudolesions such as arterioportal shunts, a frequent cause of 

diagnostic confusion on CT and MRI

• Any CEUS enhancing observation is a true lesion

• Has fewer ancillary features 

• Permits characterization of limited number of targeted observations per examination

• Requires higher level of expertise for optimal performance

Ultrasound in Early Detection of Hepatocellular Carcinoma



Contrast Enhanced Ultrasound ACR Classification

With permission P Sidhu



Results of a recent Multicenter Trial Ultrasound in Early Detection of 
Hepatocellular Carcinoma

Hepatology. 2024;79:380–391



HCC screening in 
chronic HBV

Potential of 
abbreviated MRI

Abbreviated MRI may have superior performance over ultrasound (and 
acquisition time is less than conventional MRI).

Numerous protocols: T1-weighted, T2-weighted, DWI, with or without contrast.

Prospective, multi-
centre study. 

Enrolled patients with 
estimated annual risk 
of HCC >5%.

Alternating 
ultrasound with non 
contrast-AMRI could 
be a useful strategy for 
high-risk patients.

Kim et al. PMID 38636849

What about the potential of abbreviated MRI



Biomarkers: AFP, AFP-L3 and DCP (PIVKA-II)
Screening tools for HCC: Poor performance if measured ALONE

Piratvisuth et al.  PMID 34796691

Biomarkers: AFP, AFP-L3 and DCP (PIVKA-II)



GALAD score: 
Includes AFP, AFP-

L3 and DCP

GALAD score: Gender, Age, AFP-L3, AFP and DCP

Excellent performance in multi-centre validation study (UK, Japan, Germany) 

Etiology of liver disease had no effect on model performance (European cohort) Berhane et al. PMID 26775025

Sensitivity (81.4-91.6%), Specificity (88.2-89.7%)

GALAD score: Includes AFP, AFP-L3 and DCP



Exosome-based disease classifier (n=15 patients)

Control HCC

Small RNA in exosomes (n=190)

Liquid biopsy
Small RNA clusters – Extracellular vesicles

von Felden, Gut 2021
Permission Augusto Villanueva

Exosome-based disease classifier (n=209 patients)

AFP and small RNAs not correlated

Sensitivity (86%)
Specificity (91%)



Cell free DNA: 

Carries genetic and 
epigenetic footprint 
from cells of origin

Potential for early 
detection of cancer

Gao et al. PMID 35647572

Cell free DNA: Carries genetic and epigenetic footprint from cells of origin
Potential for early detection of cancer
 



HCC surveillance: Potential of cfDNA

No. of participants Sequencing approach Sensitivity Specificity

Cd-score HCC (n=1098)
Healthy controls (n=835)

Targeted bisulphite sequencing 
(10 methylation markers)

Training: 85.7%
Validation: 83.3%

Training: 94.3%
Validation: 90.5%

Wd-score HCC (n=1204)
CHB or cirrhosis (n=392)
Benign liver lesions (n=388) 
Healthy controls (n=570)

Genome wide 5-hmC profiles 
(32 5-hmC markers)

Training: 89.6%
Validation-1: 82.7%

Training: 78.9%
Validation-1: 76.4%

cfDNA 
fragmentation

HCC (n=159), ICC (n=26), cHCC-
ICC (n=7), CHB or liver cirrhosis 
(n=53), health controls (n=117)

Whole genome sequencing Test: 96.8% Test: 98.8%

HIFI score HCC (n=508)
Cirrhosis (n=2250)
Healthy controls (n=476)

Low pass WGS (5-hmC, motif, 
fragmentation, nucleosome 
footprint)

Test: 95.4%
Validation: 95.8%

Test: 97.8%
Validation: 95.0%

HCC screen 
score

HCC (n=56)
CHB (n=70)
AFP/US-negative CHB (n=331)

PCR (TP53, CTNNB1, AXIN1, 
TERT, HBV sequence, AFP, DCP)

Training: 85.0%
Validation: 100%

Training: 93.5%
Validation: 94.0%

Xu et al. PMID 29035356

Cai et al. PMID 31358576 

Chen et al. PMID 33589745

Qu et al. PMID 30858324

Zhang et al. PMID 34954829

HCC surveillance – potential of cfDNA



Stepwise application of risk scores

Stratifies patients into 2 cohorts (Annual incidence of HCC 0.8% vs 12.5%)

aMAP = age, gender, 
bilirubin, albumin, platelets

aMAP-2 = aMAP + AFP

aMAP-2 plus = aMAP-2 + 
cfDNA signature

cfDNA signature = 
nucleosome footprint + 

fragmentation pattern + 5’-
end motif

Fan et al. PMID 37302583

Step-wise application of risk scores embedded into clinical practice



1s t
as s es s ment 

Age, gender, e thnicity, fibros is , 
HBV DNA

2nd
as s es s ment

cfDNA, CTCs , VHJ s  
e tc.

High ris kIntermediate  ris k

Re-as s es s ment Earlier initiation

This is how surveillance should look?

Patient acceptability
& understanding
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