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Can We Predict HCC in Chronic Viral Hepatitis

Outline

»Risk factors for HCC in HBV & HCV patients

»Risk scores for HCC in viremic patients

»Risk scores for HCC in non viremic patients

»Screening for HCC: in search of optimization




Risk Factors for HCC. Estimates of the Attributable
Fractions (%)

Risk factors Europe / US Japan Africa/Asia
Hepatitis B virus 22 (4-58) 20 (18-44) 60 (40-90)
Hepatitis C virus 60 (12-72) 63 (48-94) 20 (9-56)
Alcohol 45 (8-57) 20 (15-33) - (11-41)
Tobacco 12 (0-14) 40 (9-51) 22 -

Af atoxin Limited Limited High exposure
Other <5 - <5

Adapted from Bosch & Ribes, Viruses and Liver Cancer 2002:1-15



HCC Cases Positive for HBsAg or Anti-HCV or Both
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De Martel et al, Hepatology in press



Factors Affecting HCC Risk in HBV Patients

Virus Virus load

Genotype (C)

Pre-S mutations

Enhancer-H mutations (T 1653)

Core promoter mutations (V 1753,T 1762,A 1764)

~—+

Host Increasing age
Male gender
Cirrhosis
Diabetes/Obesity
Genetic polymorphisms (SNIPs)

Environment Af atoxin

Alcohol/Tobacco

Yeung et al JID 2011;203:646-54; Yuen et al GUT 2008;57:98-102



Factors Affecting HCC Risk in HBV Patients
West vs East

Factor West East

Age of acquisition Older Younger
Duration of infection Shorter Longer

Host genetics ? Familial aggregation
HBV genotype A, D B, C
Environmental factors Alcohol Aflatoxin
Co-morbidities Diabetes Diabetes

Adapted from Kim, EASL Monothematic Conference, Athens 2014



Factors Affecting HCC Risk in HCV Patients

Virus Genotype
Core region mutation

Genetic predisposition

Environment Alcohol

Tobacco
HBV
HIV




Can We Predict HCC in Chronic Viral Hepatitis

»Risk scores for HCC in viremic patients




Risk scores for Hepatocellular Carcinoma

in HBV Patients at Risk

Risk score Variables Externally
validated
Yang et al. (REACH-B) Age, gender, ALT, HBeAg status, HBV Yes (only in Asia)
DNA concentration
Wong et al. (CU-HCC) Age, albumin, bilirubin, HBV DNA No
concentration, cirrhosis
Yuen et al (GAG-HCC) Age, gender, HBV DNA concentration, No

core promoter mutation, cirrhosis

Sherman et al, Hepatology 2015,61:1784-6.



Risk Score for HCC in Chronic HBV. REACH-B

Jyears 5years 10 years 3 years 5 years 10 years
0 0.0% 0.0% 0-0% 9 0-5% 1-2% 3-2%
1 0-0% 0-0% 0-1% 10 0-9% 2-0% 5-2%
2 0-0% 0-0% 0-1% 11 1-4% 3-3% 8-4%
3 0-0% 01% 0-2% 12 2:3% 5-3% 13-4%
4 0-0% 01% 0-3% 13 37% 85% 21-0%
5 0-1% 0-2% 0-5% 14 6-0% 13-6% 32:0%
6 0-1% 0-3% 0-7% 15 9-6% 21-3% 46-8%
/ 0-2% 0-5% 1.2% 16 15-2% 32:4% 64-4%
8 0-3% 0-8% 2:0% 17 23-6% 47-4% 81-6%

Age, gender, ALT, HBeAg, HBV-DNA

Yang et al, Lancet Oncology 2011;12:568-74



Risk Score for HCC in Patients with HBV. CU-HCC

5-Year Prediction

10-Year Prediction

Measure Value 95% CI Value 95% CI
Cutoff score b b
Area under ROC curve 0.76 066100286 078 0./1t00.86
Sensitivity, % /83 743t0822 810 7J/2t0847
Specificity, % 728 68btwo77.2 757 T20t079.3

Positive predictive value, % 142 109t0 175
Negative predictive value, % 98.3 89.610 100.0

268 2261t031.0
973 8931t0100.0

Positive likelihood ratio 288 28410292
Megative likelihood ratio 030 0.26t0c0.34

3.33 3.29103.36
025 0.21100.29

Abbreviations: HCC, hepatocellular carcinoma;
ting characteristic.

ROC, receiver opera-

Age, albumin, bilirubin, HBV-DNA, cirrhosis

Wong et al, JCO 2010,28:1660-5



CU-HCC. Liver Stiffness-based Optimization of HCC
Risk Score in Patients with HBV

3-year prediction

Components of LSM-HCC score
Factors score”
Age
=50 yr +10
<50 yr 0
Alburmin
<35g/L +1
=35 g/L 0
HBV DNA
=>200,000 [U/ml +5
<200,000 IU/ml 0
Liver stiffness
=8.0 kPa 0
8.1-12.0 kPa +8
>12.0 kPa +14

Value 95% CI

AUROC 0.89 0.84-0.95
Cutoff value 11

Sensitivity (%) 100 67.6-100
Specificity (%) 70.7 66.6-74.5
PPV (%) 5.1 2.5-9.7
NPV (%) 100 99.0-100
LR+ 3.4 3.0-3.9
LR- o0 %0

No. at low risk 362 (69.6%)

No. at high risk 158 (30.4%)

Wong et al, J Hepatol 2014,;60:339-45




Risk Score for HCC in Patients with HBV. GAG-HCC

S-year prediction

Total study population Value 93% CI
Optimal cut-off 100

Sensitivity 67.8% (62.4%, 99.3%)
Specificity 88.1%  (59.0%, 91.5%)
Positive predictive value 20.9%  (9.4%, 27.9%)
Negative predictive value 98.3%  (98.1%, 99.9%)
Positive likelihood ratio 5.72 [2.24 8.37)
Negative likelithood ratio 0.37 (0. (0.43)

Age, gender, HBV-DNA, core promoter mutation, cirrhosis

Yuen et al, J Hepatol 2009;50:80-8



The Applicability of HCC Risk Prediction Scores in a North
American Patient Population with HBV

5-year HCC risk

Predicted incidence Observed incidence (£95% CI)

CU-HCC model
Low risk (n=1385) 0.9 0.49(0.21012)
Medium risk (n=300) 5.5 7.3 (4.4 t0 12.0)
High risk (n=420) ra . 8.5 (6.1 to 12.0)
REACH-B model
Low risk (n=299) 0.067 0
Medium risk (n=1398) 1.4 2.4 (1.6 t0 3.6)
High risk (n=408) 21.4 8.6 (6.0 to 123)
NGM1-HCC model
Low risk (n=727) 0.17 0.2(0.03t014)
Medium risk (n=1265) 3.3 4.0 (2.9 t0 5.6)
High risk (n=113) 431 14,5 (8.2 10 24.7)
NGM2-HCC model
Low risk (n=330) 0.07 0
Medium risk (n=1454) 2.6 25(1.71w3.7)
High risk (n=321) 398 9.8 (6.7 t0 143)
GAG-HCC model*
Low risk (5-year n=1637, 10-year n=1338) NA 1.1 (0.6 to 1.9)
High risk (5-year n=451, 10-year n=767) NA 98(7.210133)

Abou-Amara Gut 2015 in press



Risk Scores for Hepatocellular Carcinoma
in Patients with HCV

Risk score Variables Population Externally
validated

lkeda et al Age, gender, platelets, AFP Cirrhosis Yes

Lee et al (REVEAL) Age, ALT, AST.ALT ratio, HCV- HCV-RNA pos Yes
RNA, genotype, cirrhosis

Lok et al (HALT-C) Age, race, platelets, alk phos, Advanced HCV No
smoking, EV

El Serag et al Age, ALT, platelets, AFP Chronic hepatitis No

Gavilan et al (HCC4) Age, y globulin, platelets, AFP Chronic hepatitis No

lkeda, J Hepatol 2006,;44:1089-97. Lee, PlosOne 2014,;9:€94760. Lok, Gastroenterology 2009;136:138—148. EI
Serag, Gastroenterology 2014;146:1249-1255. Gavilan, Eur J Int Med 2013;24:846—-851.



Prediction Model of Hepatocarcinogenesis

for Patients with HCV Cirrhosis

Factors

Category

Alpha-fetoprotein
Age

Sex

Platelet count

Patient groups

—

): <220 (ng/ml)

: 220 (ng/ml)

: <35 (year)

1: =35 (year)

(): Female

I: Male

0: = 100,000/mm”

1: < 100,000/mm”

(: Study cohort

: Internal vahdation cohort

—
b =

|
2: External vahdation cohort

Carcinogenesis rate
100

(%)

20 1

Number of
unfavorable factor

;5—}‘”4

=1+ 3/4

lkeda et al, J Hepatol 2006,44:1089-97




Predicting Risk of HCC in Asymptomatic Individuals
Seropositive for Anti-HCV Antibodies

‘Sum of risk score S5-year predicted risk (95% Cl), %

0 0.10 (0.03-0.14)
1 0.13 (0.04-0.19) Participants with seropositive HCV RNA (N=479)
2 0.18 (0.05-0.26) 50 -
3 024 (0.07-0.36) —— Higherisk 45.4%
4 033 (0.09-0.49) Medium-risk
5 045 (0.13-0.66) R 40 7 Low-risk

e P<0.001
6 061 (0.17-0.90) O

T
7 084 (0.23-1.23) 30 -
8 114 (032-1.67) 3
9 155 (0.43-2.26) @

2 20 -
10 211 (0.59-3.07) =
1 286 (0.80-4.17) E
12 388 (1.09-5.63) 3 10- 10.3%
13 525 (1.48-7.60) 5.1%
14 708 (2.02-10.21)

I T T T T 1

15 952 (2.74-13.65) 0 1 2 3 4 5
16 1275 (3.71-18.13) Follow-up Years
17 1696 (5.02-23.87)
18 2238 (6.78- 31.04)

Lee et al, PlosOne 2014;9:€94760



Can We Predict HCC in Chronic Viral Hepatitis

»Risk scores for HCC in non viremic patients




Recommendations for Surveillance in Patients
Responding to Antiviral Therapy

AASLD!

HBV  Surveillance should be continued in cirrhotics after HBsAg
clearance or remission of inf ammation

HCV treatment related regression of cirrhosis is not a reason to withhold
surveillance

EASL/EORTC?

Surveillance should be offered to treated patients with chronic hepatitis B
and SVR patients with advanced HCV

1. Bruix & Sherman Hepatology 2011;563:1020-2. 2. Llovet et al, J Hepatol 2012;56:908-43



Prevention of Hepatitis B-related HCC by NUCs

Propensity Score Studies

Author Patients Follow-up (yr) HCC % at 5yr | RR(95% C.l.) | P-value
NUC+ NUC- NUC+ NUC- NUC+ NUC-

Wu et al’ 21,595 21,595 34 5.2 7.3 22.7 10.31(0.27-0.53) | <.001

(Taiwan)

Hosaka et al? 316 316 3.3 7.6 3.7 13.7 |0.37 (0.15-0.91) .03

(Japan)

Kumada et al® 117 117 12.3 11.6 2.7 11.3 10.28 (0.13-0.62) .002

(Japan)

Gordon et al* 820 1,851 5.2 5.2 n.a. n.a. 0.48 (0.27-0.86) <.01

(United States)

n.a. = not available

1. Wu CY, Gastroenterology 2014,147:143-151. 2. Hosaka T, Hepatology 2013;58:98-107. 3. Kumada T , J Hepatol 2013;58:427-
432 4 GCordon SC Clin (Ractroeantern! Henatn!l 2014-192-895_2Q1°



Risk Scores for HCC in Eastern HBV Patients Under
Continuous Entecavir Treatment

CU-HCC

o

o

o
o
o
o

GAG-HCC
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Wong et al, Gastroenterology 2013;144:933-944



HCC Risk in Chronic Hepatitis B Patients with Transient

Elastography—-Defined Subclinical Cirrhosis

Sub-cohort with antiviral therapy (n=1,559)

(o s B

SCC PATIENTS 0.154 scc
== Non-SCC
80 -
67.4 s g log-rank test

s T : s 9 P < 0.001
X o5 0.101
@ 60 2 e
& R
Q 504 D e
5 i
a £ 3
-8 o3
o 2 2l
£ 301 5 % 0.05
8. = -5
S 20- 15.8 E2
o

10- 8.1 8.7 -

0 T - | T | 0.00+ T T T T

LS value 13-23 kPa 23.1-33 kPa 33.1-43 kPa >43 kPa 0 1 2 3 - 5 6 y
(n=192) (n=45) (n=23) (n=25) Years of follow-up
Number at-risk
ScC 198 191 162 130 108 77 62 32 0

Non-SCC 1361 1341 1115 914 785 622 464 204

Kim et al, Hepatology 2015;,61:1851-1859



HCC Risk in HBV Patients under NUC Therapy
A Nationwide Cohort Study, Taiwan

Untreated Treated
Subgroup N HCC N HCC | HR (95% CI)
|
Age i
(0, 40] 8945 713 9390 61 —m— : 0.13 (0.10-0.17)
(40,50] 6039 1410 5321 223 - | 0.30 (0.26-0.34)
i
(50,100) 6611 2331 6884 708 -E- i 0.49 (0.45-0.54)
Gender :
Female 4982 976 5281 195 —-— | 0.36 (0.31-0.42)
Male 16613 3478 16314 797 - : 0.37 (0.35-0.40)
Cirrhosis :
Mo 18579 3478 18748 221 - : 0.27 (0.24-0.29)
Yes 3016 976 2847 471 —— : 0.72 (0.64-0.81)
Diabetes :
No 20021 4081 20005 824 - | 0.34(0.31-0.36)
Yes 1574 373 1590 168 —-— : 0.69 (0.57-0.84)
i
|
Total 21595 4454 21595 992 - : 0.37 (0.34-0.40)
I ] ] | I ]
0.1 0.2 03 04 07 1

Favor antiviral therapy

Wu CY, Gastroenterology 2014;147:143-151.



Incidence of HCC in 1666 Western HBV Patients Treated
with ETV/TDF by Liver Disease Severity

0.50
------------ CHB
Independent predictors of HCC RR (95% C.I.) e N Compensated cirrhosis
CiJ 0.40- Decompensated cirrhosis
"g 0.35-
Age 1.05 (1.03-1.08) 7 0307
B 025
o 0.20-
Platelets 0.99 (0.98-0.96) g ote]
5 0107
0.05-
Compensated cirrhosis 1.79 (0.94-3.38) 0.00- . | | | |
0 1 2 3 4 5
Years since ETV/TDF initiation
Number at risk
: ; CHB 1085 1041 787 566 327 124
Decompensated cirrhosis 3.74 (1.44-8.23) Comp. cirthosia 476 s Tk 560 ol o
Decomp. cirrhosis 55 46 31 21 14 5

Papatheodoridis et al, J Hepatol. 2015;62:363-70



PAGE-B Prediction Score for HCC in Caucasian

HBV Patients under ETV or TDF

Age (years) Gender Platelets (mm?3) Derivation dataset Validation dataset
Risk score:<6 Risk score:<6
------------- Risk score:6-13 reveesseene Rigk score:6-13
16-29: -4 Female: 0 =200,000: 0 ———- Risk score:>13 ———~ Risk score:>13
s iy
30-39: -2 Male: 5 100,000-199,999: 6 _ .
Qo] 0ol
2 -
40-49: 0 <100,000: 11 S B X
5] =51 s
2 = J
s] JI'_ s} _r'
50-59: 2 = - S gl
£c ] e 2o r
£ = z sy
E 1“ E I
60-69: 4 3 | -~ 3| rd
= ff S __._n_'-
J,_«" ........ 1.]'" """
270 6 § | = §_ -
1 2 3 4 1 2 3 4 5

Years since ETV/TDF initiation

Years since ETV/TDF initiation

Papatheodoridis et al, J Hepatol submitted




Eradication of HCV Infection and Development of HCC

A Meta-analysis of Observational Studies

Forest Plot Of Adjusted Hazard Effects In Persons At All Stages Of Fibrosis

Study, Year (Reference)

Asahina et al, 2010 (36)
Hung et al, 2011 (46)
Kawamura et al, 2010 (50)
Kramer et al, 2011 (27)
Kurokawa et al, 2009 (51)
Okanoue et al, 2002 (53)
Osaki et al, 2012 (50)
Pradat et al, 2007 (17)
Sinn et al, 2008 (56)
Takahashi et al, 2011 (57)
Tateyama et al, 2011 (58)
Yoshida et al, 1999 (61)
Total

Heterogeneity: tau-square = 0.04; chi-square = 14.05; P =0.23; 12 = 22%

log(Hazard Ratio)

-0.944
-1.423
—1.985
-1.182
-1.277
-2.294
-2.130
=2.481
-1.246
-3.022
-1.968
-1.164

Test for overall effect: Z = 10.80; P < 0.001

SE

0.388
0.273
0.407
0.126
0.631
0.512
1.053
1.132
0.596
1.163
0.537
0.324

SVR

686
1027
1081
4292

135

375

185

87

296

89

139

789
9185

Total
MR

1356
443
977

10 276
264
586
197
103
194
114
234

1568

16 312

Weight, %

9.2
15.3
8.5
3.2
4.0
58
1.5
1.3
4.4
1.3
5.3
121
100.0

Hazard Ratio

IV, Random (95% Cl)

0.39 (0.18-0.83)
0.24 (0.14-0.41)
0.14 (0.06-0.31)
0.31 (0.24-0.39)
0.28 (0.08-0.9¢)
0.10 (0.04-0.28)
0.12 (0.02-0.94)
0.08 (0.01-0.77)
0.2% (0.09-0.93)
0.05 (0.00-0.48)
0.14 (0.05-0.40)
0.31 (0.17-0.59)

0.24 (0.18-0.21)

A

A

Hazard Ratio
IV, Random (95% CI)

0.0

Favors SVR

Favors NR

Morgan et al, Ann Int Med 2013;158:329-337



Risk Score for HCC Development in Patients
with HCV after SVR to PeglFN + RBV

HCC Score 1.07
099 | === High risk > 16
0.7 4

«eeeens LOw risk <10

*Age = 60 yr
*Platelets < 150 x10°/L

*AFP =20 mg/ml

Cumulative nsk tor HCC (%)

*F3, F4

Auroc = 84.8%

Time (months)

Chang et al, JAC 2012;67:2766-72



Risk Factors for HCC Development in HCV Patients
Following IFN-based Therapy

Variable CH + SVR
No. of patients 1,751
Patients with T2DM 74
Patients with HCC 22
1,000 person years of HCC 1.65

TAI, kg, >200/<200* 2.68 (1.14-6.34)
P=0.024

4.76 (1.60-14.10)
P=0.005

T2DM, +/—*

LC + SVR

149
13
22

18.23

3.84 (1.83-9.85)
P=0.004

2.48 (0.57-10.86)
P=0.228

CH + Non-SVR

2,118
133
233

13.53

2.21 (1.65-2.95)
p<0.001

253 (1.76-3.65)
p<0.001

LC + Non-SVR

284
47
116
50.43

1.54 (1.03-2.31)
P=0.038

1.87 (1.16-3.01)
P=0.010

Arase et al, Hepatology 2013;67:964-973



Can We Predict HCC in Chronic Viral Hepatitis

»Screening for HCC: in search of optimization




Surveillance for HCC as Recommended by
AASLD, APASL and EASL

STRATEGY AASLD 2011 APASL 2010 EASL 2012*
Target population Cirrhosis, Viral cirrhosis Cirrhosis,
CHB' CHB?
NAFLD HCV F3
1 Asian males > 40 years and females > 50 years 2 Active hepatitis
Family history of HCC Family history of HCC
African/North American blacks > 20 years

*EASL-EORTC: Evidence 1B/3A recommendation 1A/B

Bruix & Sherman, Hepatology. 2011;53:1020-2. Omata, Hepatol Int. 2010;18;4:439-74. EASL-EORTC J Hepatol. 2012,56:908-43



Prevalence of Fibrosis Stage and Diagnostic Accuracy of TE

Disease Fibrosis stage Prev. (95%CI) Sens. (95% CI) Spec. (95% CI)
F=2 0.53(0.11-094) 0.77 (0.68-0.84) 0.72 (0.55-0.85)
Hepatitis B F=3 0.39 (0.18-0.59) 0.83 (0.75-0.88) 0.81 (0.75-0.86)
F=4 0.25 (0.001-0.57) 0.67 (0.57-0.75) 0.87(0.83-0.91)
F=2 0.54 (0.13-0.96) 0.76 (0.61-0.86) 0.86 (0.77-0.92)
Hepatitis C F=3 0.33 (0.07-0.59) 0.88 (0.84-0.92) 0.91 (0.83-0.96)
F=4 0.20 (0.001-047) 0.85 (0.77-0.91) 0.91 (0.87-0.93)
" , , ——— 100;
L ‘
e T T =T 104
: r L ‘
10° — - = = 1 F1 F2 F3 F4
Fibrosis stage Fibrosis stage

Steadman et al, Can J Gastroenterol. 2013. Ziol et al, Hepatology 2005. Castera et al, Gastroenterology 2005



Can HCC Be Predicted by Transient Elastography?

Cumulative Incidence

1.0 4
0.9
0.8
0.7
0.6 -
0.5
04 -
0.3 -
0.2 1
0.1

P <0.001
LSM >25 kPa
T 20< LSM <25 kPa
S " 15<LSM <20 kPa

__10<LSM<15kPa

_____________

LSM <10 kPa

_____________

0.0

Years After Enrollment

N =866 HCV patients

Cumulative incidence rate

0.57
0.4 P<0.001
23kPa<LSM
0.3
0.2 18<LSM<23kPa
0.1 13<LSM=18kPa
8<LSMs13kPa
_ LSMs=8kPa
0.0+
r T T T
0 1 2 3

Years after enroliment

N = 1130 HBV patients

Masuzaki et al. Hepatology 2009; 49: 1954

Jung et al. Hepatology 2011; 53: 885-94



Complications and Competing Risks of Death in
Compensated Viral Cirrhosis

HCV-related HBV-related HCV and HBV = Whole cohort
cirrhosis cirrhosis related cirrhosis (n=1654)
(n=1308, 79.0%) (n=315, 19.1%) (n=31, 1.9%)

Death 93 (7.1%) 6 (1.9%) 3 (10%) 102 (6.2%)
HCC-related 17 (19.5%) 1(16.6%) 0 18 (18.7%)
Non-HCC liver-related 27 (30.7%) 2 (33.3%) 1 (50%) 30 (31.2%)
Bacterial infection 13 (14.7%) 0 0 13 (13.5%)
Extrahepatic cancer 7 (7.9%) 3 (50%) 0 10 (10.4%)
Cardiovascular disease 5 (5.7%) 0 0 5 (5.2%)
Other extrahepatic disease 19 (21.5%) 0 1 (50%) 20 (20.8%)
Missing data 5 0 1 6

Trinchet et al, Hepatology in press



Risk Score-guided Mass Ultrasonography Screening
for HCC in Taiwan

Age, ALT, AST, AFP HCC

Group (45-69 yr) Platelets, DMT2 # Patients Total Screened # x10°
HBsAg/antiHCV (+) Yes 3,754 (9.1%) 2,989 (77%) 15 5.0

No 3,674 (8.9%) 2,730 (79%) 0 0
HBsAg/antiHCV (-) Yes 8,975 (21.8%)

3,243 (10%) 1 0.3

No 24,816 (60.2%)

Total 41,219 (100,0%)

Mortality Ratio (age & sex adjusted) = 0.69 (0.56-0.84) vs uninvited

Yeh YP et al Hepatology 2014;59:1840-9
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