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Hepatocellular Carcinoma Is 4" Leading Cause of
Cancer-Related Death Worldwide
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HCC-Related Morality Is Increasing

Top 15 causes of
cancer death
United States
2010-2014

In the United States
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Most HCC in the United States Occur in the

Setting of Cirrhosis

Nonalcoholic steatohepatitis r
Alcohol-related liver disease Cirrhosis
Hepatitis B viral infection .
Hepatitis C viral infection ’
Chronic hepatitis
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HCC Risk in Patients With NASH In

Those With Cirrhosis

N= 4235 cirrhosis; 292,366 no cirrhosis

B40 1 Cirrhosis/

Cumulative incidence / 1000
ie

10 No cirrhosis
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years followup

1.06 per 100 patient-years

Kanwal et al. Gastroenterology. 2018.
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Major Guidelines Recognize the Importance

of Routine Surveillance in High-Risk Populations

Society/Institution Guidelines

1
AASLD US every 6 months with or without AFP

American Association for the Study of Liver Diseases

2
EASL US every 6 months

European Association for the Study of the Liver

3
APASL AFP + US every 6 months

Asian-Pacific Association for the Study of the Liver

4
NCCN AFP + US every 6-12 months

National Comprehensive Cancer Network

5
VA AFP + US every 6-12 months

United States Department of Veterans Affairs

6 High-risk: US every 6 months + AFP/DCP/AFP-L3 every 6 months
JJSHéH,Cth Heoatol Very High-risk: US every 6 months + AFP/DCP/AFP-L3 every 6 months +
B CT/MRI (optional) every 6-12 months

AFP=alpha-fetoprotein; AFP-L3=Lens culinaris agglutinin-reactive fraction of AFP; CT=computerized tomography; DCP=des-y-carboxyprothrombin;
MRI=magnetic resonance imaging; US=ultrasound.

1. Marrero J et al. Hepatology. 2018:68 (2);723-750: 2. EASL, EORTC. J Hepatol. 2012;56(4):908-943; 3. Omata M et al. Hepatol Int. 2010;4(2):439-474;
4. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Hepatobiliary Cancers v1.2016.

© National Comprehensive Cancer Network, Inc. 2016. All rights reserved. Accessed February 10, 2016; 5. US Dept of Veterans Affairs.

Available at: http://www.hepatitis.va.gov/pdf/2009HCC-guidelines.pdf. Accessed September 23, 2015; 6. Kokudo N et al. Hepatol Res. 2015;45.



Professional Society Guidelines Recommend HCC Surveillance

in High-Risk Individuals Including Those With Cirrhosis

Diagnosis, Staging, and Management of Hepatocellular Carcinoma: 2018 Practice Guidance
by the American Association for the Study of Liver Diseases

Threshold Incidence for Efficacy of Surveillance

(>0.25 LYG; % per year) Incidence of HCC

Surveillance benefit
Asian male hepatitis B carriers over age 40 0.2 0.4%-0.6% per year
Asian female hepatitis B carriers over age 50 0.2 0.3%-0.6% per year
Hepatitis B carrier with family history of HCC 0.2 Incidence higher than without family history
African and/or North American blacks with hepatitis B 0.2 HCC occurs at a younger age
Hepatitis B carriers with cirrhosis 0.2-1.5 3%-8% per year
Hepatitis C cirrhosis 1.5 3%-5% per year
Stage 4 PBC 1.5 3%-5% per year
Genetic hemochromatosis and cirrhosis 1.5 Unknown, but probably >1.5% per year
Alpha-1 antitrypsin deficiency and cirrhosis 1.5 Unknown, but probably >1.5% per year
Other cirrhosis 1.5 Unknown
Surveillance benefit uncertain
Hepatitis B carriers younger than 40 (males) or 50 (females) 0.2 <0.2 per year
Hepatitis C and stage 3 fibrosis 1.5 <1.5% per year

NAFLD without cirrhosis 1.5 <1.5% per year

Marrero et al. Hepatology. 2018.



Surveillance Should Be Performed at

Semi-Annual Intervals

100 Surveillance
—— annual
-~ semiannual
80f 3-month 6-month
= Variable Surveillance Surveillance
> (n=640) (n=638)
% 60}
§ Focal lesion <1 cm 73 (41%) 43 (28%)
Q
T a0}
- Focal lesion 1-2 cm 71 (40%) 78 (50%)
w
201 HCC development 53 (28%) 70 (42%)
Less than 2 cm 20 (38%) 29 (41%)
Within Milan 42 (79%) 50 (71%)
0 L 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1

0 24 48 72 96 120 144 168 192
Time (months)

Santi et al. Hepatology. 2010; Trinchet et al. Hepatology. 2011.



HCC Surveillance Associated With Early Detection and

Improved Survival in Patients With Cirrhosis

Study Odds Ratio (95% Cl)
Onodera 1994 [39]

e —‘— e Identified 47 studies with 15,158 patients —
e 6284 (41.4%) detected by surveillance

2.09 (1.71 - 2.55)

Bolondi 2001 [19)
Trevisani 2002 [55)

Yu 2004 [62) —e— 1.19(0.98 - 1.43)
Taura 2005 [51) —— 1.27 (1.02 - 1.58) H H H .
oo ] ol sl Surveillance associated with:
Tanaka 2006 [49) —— : 1.31 (1.11 - 1.56)
Toyoda 2006 [54] —— 1.88 (1.62-2.17) .
| = P * Early detection OR 2.8,
[ :: .19 (0.83 - 5. 0
S = " 95% Cl1.80 — 2.37
Pascual 2008 [40] | —— 3.63 (2.35 - 5.62)
Silveira 2008 [44] : g > 3.14(1.05-9.38) . .
o 2008 7 . 16039000 *  Curative treatment: OR 2.24,
Wong 2008 [58] — 202 (1.45 - 2.81) 0
Kuo 2010 [34] —— 2.04 (1.79 - 2.32) 95 /OCI 1 99 - 252

Noda 2010 (38] — 1.42 (116 - 1.74)
Tong 2010 [52) - 2.02(1.25- 3.26)

. * Improved survival OR 1.90,
—- 95%Cl 1.67 — 2.17

Yang 2011 [61] —— 4.05 (3.05 - 5.39)
Sarkar 2012 [43) —{—0— 2.64 (1.33-5.27)

T || Lencer-an Survival benefit persisted in studies
' ' adjusting for lead time bias

107 1 9.38

Signal et al. PLOS Medicine. 2014.

El-Serag 2011 [27]




Abdominal Ultrasound +/- Serum Biomarker, Alpha
Fetoprotein, Are Recommended Surveillance Tests




Ultrasound (US) in Survelllance

«  Excellent specificity (>90%), but low sensitivity — a meta-analysis indicates US sensitivity in
detecting early stage HCC may be as low as 63%

*  Multiple limitations
— Does not detect infiltrative disease
— Sensitivity decreased in difficult patients
« Cirrhotic nodular livers
*  Obesity
* Abdominal gas
* Noncompliant with breath-hold

e Ascites
«  NASH

— Highly operator dependent, time

* Real-life US sensitivity likely much lower than that of studies

Del Poggio P et al. Clin Gastroenterol Hepatol. 2014;12(11):1927-1933.e2.



Ultrasound Alone Has Poor Sensitivity for Early

HCC Detection

15 studies
1994 -2016

Author Year
Pateron 1994
Larcos 1998
Tradati 1998
Henrion 2000
Bolondi 2001
Santagostino 2003
Sangiovanni 2004
Paul 2007

Lok 2010

Qian 2010
Trinchet 2011
Singal 2012
Pocha 2013

Frey 2015

Kim 2016

Pooled

[ P T S ———

- am o e e e e - - - -

Sensitivity (95% Cl)
0.21 (0.05—0.51)
0.33 (0.04 — 0.78)
0.33 (0.04 — 0.78)
0.67 (0.22 — 0.96)
0.82 (0.70 - 0.91)
0.25 (0.03 — 0.65)
0.24 (0.17 — 0.33)
0.44 (0.14 - 0.79)
0.36 (0.21 — 0.53)
0.68 (0.45 — 0.86)
0.65 (0.56 — 0.73)
0.32 (0.18 — 0.48)
0.56 (0.21 — 0.86)
0.89 (0.52 — 1.00)
0.26 (0.14 — 0.41)

0.47 (0.33 — 0.61)

Tzartzeva et al. Gastroenterology. 2018.
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CT Is Not Viable Routine Option for HCC

Screening Given Potential Harms

%3

More lonizing
expensive radiation

Nephrotoxicity?

Slide courtesy of Claude Sirlin.



MRI Is More Sensitive for Early Tumor Detection

but May Be Limited by Cost Effectiveness

» Prospective study with 407 Child A-B patients (majority HBV-infected)

— 1112 surveillance round over 1.5 years

— Semi-annual ultrasound and MRI done in all patients

» 43 patients diagnosed with HCC
— 32 very early stage and 10 early stage HCC

Cohort MRI us P-value
Sensitivity 86% 28% P<0.001
Sensitivity for BCLC 0 86% 26% P<0.001
Specificity 97% 94% P=0.004

Kim et al. JAMA Oncology. 2016.



CT/MRI

* Implemented if ultrasound is unclear

* Implemented if there is high suspicion clinically

* Implemented diagnostically
— Elevated AFP

— A known lesion



CT vs MRI

* Meta-analysis of 40 studies on CT or MRI imaging, total of 1135
patients with CT and 2489 patients with MRI

CT MRI(all)  MRI with Eovist
A 83% 88%
steercF?ﬁ::ii(ta; t 81% 94%
E:r:sl,ﬁiﬁ; 72% 79% 87%

Lee et al. Radiology. 2015.



Cross-Sectional (Triple Phase) Imaging
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HCC Diagnosis Can Be Established
Non-Invasively Based on Imaging Alone

Delayed phase



LI-RADS Ceriteria for HCC Diagnosis

LI-RADS Category

Definitely
Benign

Concept and Definition
Concept: 100% certainty observation is benign.

Definition: Observation with imaging features diagnostic of a benign entity, or definite
disappearance at follow up in absence of treatment.

Probably

LR-2 Benign

Concept: High probability observation is benign.

Definition: Observation with imaging features suggestive but not diagnostic of a benign
entity.

Intermediate
probability

for HCC

Concept: Both HCC and benign entity have moderate probability.
Definition: Observation that does not meet criteria for other LI-RADS categories.

" | Probably
_| HCC

Concept: High probability observation is HCC but there is not 100% certainty.
Definition: Observation with imaging features suggestive but not diagnostic of HCC.

Definitely
HCC

Concept: 100% certainty observation is HCC.

Definition: Observation with imaging features diagnostic of HCC or proven to be HCC
at histology.

Definitely HCC with
Tumor in Vein

Concept: 100% certainty that observation is HCC invading vein.
Definition: Observation with imaging features diagnostic of HCC invading vein.

Probable
malignancy, not

specific for HCC

Concept: High probability that observation is a malignancy, but imaging features are
not specific for HCC.

Definition: Observation with one or more imaging features that favor non-HCC
malignancy.

Treated
S Observation

Concept: Loco-regionally treated observation.
Definition: Observation that has undergone loco-regional treatment

Percentage of HCC

100
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10

LI-RADS 5
94% HCC
97% malignancy

LI-RADS 4 o
74% HCC
80% malignanc

LI-RADS 3 LI-RADS M
38% HCC 36% HCC
40% malignancy 93% malignancy!

LI-RADS 2
13% HCC
14% malignancy

LI-RADS 1
0% HCC
0% malignancy

10 20 30 40 50 60 70 80 90 100
Percentage of overall malignancy



Biopsy Only Occasionally Plays a Role
in HCC Diagnosis




When to Biopsy

* When to biopsy and when NOT to biopsy
— CT/MRI is excellent and often diagnostic
* 95% specific for HCC: biopsy NOT needed in most patients

— Only focal hepatic mass with atypical imaging findings or focal hepatic mass
detected in a non-cirrhotic liver should undergo biopsy’

— Normal AFP

* Why not?
— Bleeding

— Tumor seeding

— False - 1. Bruix J et al. Hepatology. 2011:53(3):1020-1022.



HCC Diagnosis

Following Detection of Mass in Cirrhotic Liver

Repeat imaging Stable 18-24 m » Resume standard surveillance (q 6-12 m)
gqg3m
(CT/MRI/US) Enlarging - Proceed based on lesion size
VASCULAR
PATTERN

1 imaging

Typical  mE——————
techniques
e Atypical i .—
»

. 4 0

Treat

P Repeat Ch: Repeat ds
A ange
Other contrast » Atypica » S biopsy or || in sizge ima%ing HCC
enhanced study | Y Imaging or and/or
Typical: (CT or MRI) flu profile biopsy
arterial hypervascularity
AND

portal venous or

delayed washout .
Typical  IEEE—

Bruix and Sherman. AASLD guidelines. 2010.




Potential Interventions to Improving Surveillance

Effectiveness and Reducing HCC Morality

[Increasing surveillance rates j< ------------ ) TR »[Reﬁnement of screening strategies j
E E Risk stratification
s P \
: : 0 E A O,
Promoting education : : (W (W ] oO————i=a
« Patient education \ ‘ o 4
* Practitionner training : : J O—l (S 4
: EnI_|st|ng of primary care E E Predictive Machine learning
providers .
biomarkers
J
f I ¥
Low Moderate/
HCC risk High HCC risk
-
Improving compliance Recommended Screening using
- Systems-level interventions semi-annual contrast-enhanced
ultrasound imaging

« Dedicated clinical pathways
« Clinical reminder systems

« Navigation programmes +
« Mailed outreach

surveillance

Early diagnosis
biomakers

Signal et al. J Hepatology. 2019.



Potential Interventions to Improving Surveillance
Effectiveness and Reducing HCC Morality

Signal et al. J Hepatology. 2019.



AFP Appears to Be of Benefit for

Early HCC Detection

Author, Year : Risk Ratio (95% Cl) c°st_Acceptabi|ity Cu rve:
— 0i60 (0B Zi0) 10 Proportion of simulations optimizing cost-effectiveness
Henrion 2000 —05—— 0.69 (0.38 - 1.25)
Lok 2010 —o—é—— 0.70 (0.42 - 1.18) g 08
Qian 2010 —é—o—— 0.88 (0.61 - 1.27) g "

: E 06 Ultrasound with AFP
Trinchet 2011 —— 0.87 (0.74 - 1.03) (7]

: s A Ultrasound Alone
Singal 2012 —o—:. 0.50 (0.30 - 0.83) g 04 .

: £ M No Surveillance
Kim 2016 —_——— 0.79 (0.40 - 1.53) g_

> 2o ha

Pooled Risk Ratio 0.81(0.71-0.93) & . . A
I-squared 0% | ] .‘ ‘ ‘

: 1 |

: ‘.-.Il.l!!’EAA

: 0.0

o7 1 567 50,000 100,000 150,000 200,000

Willingness-to-Pay Per QALY (2018 US DoIIars)
Sensitivity of US with vs without AFP for early-stage HCC:
63% vs. 45% (p=.002)

Tzartzeva et al. Gastroenterology. 2018; Parikh et al. Am J Gastro (in press).



Several Other Biomarkers Are Currently

Undergoing Phase ll-lll Biomarker Evaluation

 AFP-L3 and DCP

« Golgi protein 73 (GP73)

« Glypican 3 (GPC3)

» QOsteopontin

« miR-21 (circulating miRNA)

« Serum and urinary metabolites

» Fucosylated kininogen (Fc-Kin)

 Circulating tumor cells/methylated DNA markers



HCC Surveillance Biomarker:

Alpha-Fetoprotein-L3 (AFP-L3)

 AFP-L3 is a fucosylated isoform of AFP.

« AFP-L3 binds to lectin Lens culinaris (lentil) agglutinin (LCA) which interacts with
AFP-L3 but not AFP-L1 (majority of AFP).

« Relevance of AFP-L3 to HCC:

— AFP-L3 has been shown to be elevated in patients with HCC. Elevation of L3 occurs
early in HCC

— AFP-L3 (%) is highly specific for HCC

AFP- L3 (ng/m[_) Carbohydrate chain LCA Fucose
AFP-L3 (%) = X 100 ) 5o .. = ; .
Total AFP (ng/mL) DOQO” -
Cut-off Point: 10% (Intended Use) sia @cGal @ GlcNac © Man

Sato Y et al. N Engl J Med. 1993;328:1802-6; Makuuchi M et al. Hepatol Res. 2008;38:37-51.



HCC Surveillance Biomarker:

Des-gamma-Carboxy Prothrombin (DCP)

* Normal hepatocytes post-translationally
carboxylate prothrombin precursors
before secretion.

« DCP is a secreted non-carboxylated
immature form of prothrombin.

* Unconverted glutamic acid residues are due
to an absence in many HCC of vit. K
dependent carboxylase.

« aka PIVKA-II (proteins induced by vitamin K
absence or antagonist-II).

— The carboxylation defect is also in vitamin K
deficiency (also warfarin use)

Liebman HA et al. N Engl J Med. 1984;310:1427-31.

Prothrombin
\Viamin K precurs or =
Quinol + CO, NH DCP (PIVKA-I)

C arboxylase [—

“Witamin K
2.3 id
Eodide N ative
Prothrombin
-NH,

© Glu @0l

I Cut-off Point: 7.5 ng/mL I




GALAD Is a Promising Novel Biomarker Panel

for Early Detection

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

* Multi-national nested case control with 6834 patients
(2430 HCC, 4404 CLD)

Variable Sensitivity Specificity Correctly classified
UK cohort (all) 91.6% 89.7% 90.6%
UK cohort (Milan) 80.2% 89.7% 87.9%
Japan cohort (all) 70.5% 95.8% 87.2%
Japan cohort (Milan) 60.6% 95.8% 87.7%
Germany cohort (all) 87.6% 88.6% 88.3%
Germany cohort (unifocal <5cm) 67.4% 88.6% 87.5%

No difference in GALAD performance by cirrhosis etiology, SVR, or HBV treatment

Berhane et al. Clin Gastro Hep. 2016.



Potential Interventions to Improving Surveillance

Effectiveness and Reducing HCC Morality

(Increasing surveillance rates ]4 ------------ 3 Jemee-
:
.

Promoting education

« Patient education

« Practitionner training

« Enlisting of primary care

providers

Improving compliance Recommended
« Systems-level interventions Selml-annual
« Dedicated clinical pathways ultrasound

« Clinical reminder systems surveillance
« Navigation programmes
« Mailed outreach

Singal et al. J Hepatology. 2019.



HCC Surveillance Is Underused in Clinical Practice

Study Surveillance Utilization

Studies from U.S.

Samal @0 T z09(151-220 Identified 29 studies between Jan 2010 — Aug 2018

P:twardhan (2011) _‘_E —— 51 :3 24312 - 5914))

Yang (2011 22.0(17.9- 26.6, . .

Singal (2012) = | c0(25-112) Pooled surveillance estimate was only 26.1%

Palmer (2013) * 1 10.4(9.5-11.2)

Singal 2019 . : ' 7 08-28

Mital (2016) 5 - 50,0 (458 -54.2) «  Lower surveillance in US studies vs. Europe

Wang (2016) , —— 3&4(30._9-46.3) . 0/ 43 20/ d 34 60/

Savafoy & 2101925 and Asia (17.8% vs. 43.2% and 34.6%)

Robinson (2017) ' —r— 35.7(29.6 - 42.2)

Tan (2018) * - 244 (227262 «  Hiagh ll in Gl/Hepatol lini

Il . i igher surveillance in Gl/Hepatology clinics vs.

US Poaled Surveilance <> | Tacns.-227 academic primary care clinics and population-
udies from Europe : based COhOrtS 7370/ VS 2950/ and 880/

::ro(:folinif (2011E) ¥ : — 49.4 (44.4 -54.4) ( ° ° ° )

Fenogl_io (2013) —r 23.8(18.7 - 29.5) ] ) ] .

Eaenvi (2019 - ' 80 (50- 104) Consistent correlates included higher surveillance

Van Meer (2015) 1 —— 37.8(344-41.4) . . .

Bucci (2017) ! - 508 (49.1 - 52.4) with Gl/Hepatology subspecialty care and increased

Mancebo (2017) . -~ 768(736-79.7) . o . .

SixppePooled Servalliange — SR number of clinic visits and lower surveillance in

Kooty . 221200 204 patients with NASH or alcohol-related cirrhosis.

Nam (2017) ! —— 815(77.4-852)

Asia Pooled Surveillance : O 34.6 (32.4 - 36.8)

Overall Pooled Surveillance é 26.1(20.1 - 32.6)

Wolf et al. Hepatology. 2020.



Summary

HCC surveillance supported by RCT in patients with chronic HBV
and several cohort studies in those with cirrhosis

Test accuracy and surveillance utilization are key factors
for effectiveness

Ultrasound has suboptimal sensitivity, particularly in
contemporary cohorts

— Novel blood- and imaging-based modalities are being evaluated

Surveillance is underused in clinical practice due to patient- and
provider-barriers



