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Incidence and mortality of hepatocellular carcinoma (HCC)
increasing in the United States
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NATIONAL TRENDS IN CANCER DEATH RATES
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HCC surveillance is recommended using ultrasound +/- AFP in
high risk patients such as those with cirrhosis

Alcoholic liver disease
Hepatitis B viral infection
Nonalcoholic steatohepatitis

Hepatitis C viraliTectﬁr
Chronic hepatitis
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o
Normal liver
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HCC surveillance associated with early detection and improved
survival in patients with cirrhosis

Study Odds Ratio (95% ClI)

1
Onodera 1994 [39] :_‘_ 3.51(1.85-6.33)
Wong 2000 [59) ‘:—-.-— 3.35(1.83-6.14)
b
——

Bolondi 2001 [19] 4 1.39 (0.94- 208) Identified 47 studies with 15,158 patients — 6284 (41 .4%)
——— o1 detected by surveillance

Yu 2004 [62] —— 1.19(0.98 - 1.43)
Taura 2005 (51) —— 1.27 (1.02- 1.58)
Ando 2006 [17] —=r 1.64 (1.34 - 2.00) . . . .
e - S Surveillance associated with:
Toyoda 2006 [54] 1.88(1.62-2.17)

Davila 2007 (25) ——-0-;.:.— 1.39(0.78 - 2.48) . Early detection: OR 208, 95%CI 1.80 — 2.37
™~

Leykum 2007 (35] 2.19 (0.83-5.77)

Chan 2008 (22 , 214(189-242) ¢ Curative treatment: OR 2.24, 95%CIl 1.99 — 2.52
Pascual 2008 [40] | —— 3.63 (2.35-562)

Silveira 2008 [44) J ~4- > 3.14(1.05-9.38) . 0

e e SO, * Improved survival OR 1.90, 95%CI 1.67 — 2.17
Wong 2008 [58) — 202 (1.45- 2.81)

Kuo 2010 [34] —— 2.04 (1.79-2.32)

Noda 2010 (38 -, 142(1:16-174) Survival benefit persisted in studies adjusting for lead time
Tong 2010 [52) —_— 2.02 (1.25 - 3.26) i

Tong 2010 (53] —4:— 1.68 (1.05 - 2.69) bIaS

El-Serag 2011 [27] —-0-—: 1.47 (1.09 - 1.97)

Yang 2011 [61) : —_—— 4.05 (3.05- 5.39)

Sarkar 2012 [43] —{—4-— 2.64 (1.33-5.27)

Pooled Odds of 3-year Survival o 1.90 (1.67 - 2.17)

I-squared= 81.6% (95%CI 73.3-87.3%)

A07 1 9.38

Singal et al PLOS Medicine 2014 UT Southwestern
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Sensitivity of ultrasound

+/- AFP for early HCC detection is suboptimal

Author Year Sensitivity (95% Cl)
Pateron 1994 0.21 (0.05-0.51)
Larcos 1998 0.33 (0.04 - 0.78)
Tradati 1998 0.33 (0.04 - 0.78)
Henrion 2000 0.67 (0.22 - 0.96)
Bolondi 2001 0.82 (0.70-0.91)
Santaaostino 2003 - 0.25 (0.03 - 0.65)
. Sangiovanni 2004 ! 0.24 (0.17 - 0.33)
15studies | oo no7 l 0.44 (0.14 - 0.79)
19942016 |, 5010 o—i 0.36 (0.21 — 0.53)
Qian 2010 : 0.68 (0.45 — 0.86)
Trinchet 2011 | 0.65 (0.56 — 0.73)
Sinaal 2012 : 0.32 (0.18 - 0.48)
Pocha 2013 : 0.56 (0.21 — 0.86)
Frey 2015 ! 0.89 (0.52 — 1.00)
Kim 2016 ; 0.26 (0.14 — 0.41)

Pooled ¢ 0.47 (0.33 - 0.61)

T T T
0 0.5 1

Sensitivity of ultrasound and AFP significantly higher but only 63% for early stage HCC

Tzartzeva et al. Gastroenterology 2018 UT Southwestern Néi L
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Nearly 1 in 5 ultrasounds suboptimal visualization for HCC surveillance

70 66.5% CP

60
Child Pugh B/C Obesity
50 OR 1.65 (1.06 — 2.57) OR 2.60 (1.36 — 4.97)
Morbid Obesity
40 OR 8.86 (4.02 - 19.5)
30
20 |
14.2% 13.2%
Alcohol-related NASH cirrhosis
10 6.1% cirrhosis OR 2.48 (1.30 - 4.75
OR 1.84 (1.09 - 3.09)
0
Definitely Likely Likely Definitely
inadequate inadequate adequate adequate
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Surveillance benefits must be considered in light of potential harms

Benefits Harms
Early stage detection Repeat CT/MRI
Improve mortality Inadequate US

Indirect Costs
Low utilization
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HCC surveillance associated with potential screening-related harms

Patients with cirrhosis
n = 680

. !

At l2ast one Al least one
surveillance ultrasound surveillance AFP
n=3523 n=640

Physical harm True positive True positive Physical harm
n=119" n=33" n=27 n=73"

v I , ' y '

. 3 ; Physical harm due to
Physical harm due to Physical harm due to " ) Physical harm due to i ;
false positive indeterminate result Early anf zdf fachion Earty I.-,CE fgte““"" talse positive = 20ngimL mdﬁtf—l;sw:f;m?u“
n=583 n=58 n=5 n=22

* 12 HCC delected by both ultrasound and AFP
** T patients with physical harm due to falsa pesitive ultrasound and AFP
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Imaging-based surveillance plagued by low utilization in practice

Study Surveillance Utilization
Studies from U.S. '
Davila (2010) * ! 9.2(8.0-10.6)
Sanyal (2010) -+ ! 20.9 (19.1 - 22.8)
Davila (2011) . ' 12,0 (11.3-12.7)
Patwardhan {2011) 1 e — 51.3(43.2-59.4)
Yang (2011) —o—f 22.0(17.9 - 26.6)
Singal (2012) - i 6.0(2.8-11.2)
Palmer (2013) . 1 104 (9.5-11.2)
Singal (2013) X —— 67.6 (62.9 - 72.2)
Singal (2015) * i 17 (0.9-28)
Mittal (2016) 1 —— 50.0 (45.8 - 54.2)
Wang (2016) : —_— 38.4 (30.9 - 46.3)
Aby (2017) —— | 6.9(2.8-13.8)
Goldberg (2017) * 1 21 (1.9-23)
Robinson (2017) | —— 35.7 (29.6 - 42.2)
Singal (2017) * ! 21(1.3-31)
Tran (2018) - 24.4 (22.7 - 26.2)
Yeo (2018) * : 11.5(11.2-11.8)
Choi (2019) . 1 6.8 (6.4-7.3)
US Pooled Surveillance <> ! 17.8(13.3-22.7)
Studies from Europe :
Stroffolini (2011) ' —— 49.4 (44.4 - 54.4)
Fenoglio (2013) e 23.8(18.7 - 29.5)
Hasani (2014) 1 —_—— 64.8 (52.5 - 75.8)
Edenvik (2015) - : 8.0 (5.9-10.4)
Van Meer (2015) I 37.8 (34.4 - 41.4)
Bucci (2017) 1 -+ 50.8 (49.1 - 52.4)
Mancebo (2017) : - 76.8 (73.6 - 79.7)
Europe Pooled Surveillance e R—— 43.2(26.4 - 61.0)
1
Studies from Asia :
Kuo (2010) - 22.1(20.0 - 24.4)
Nam (2017) ! —4— 81.5(77.4-85.2)
Asia Pooled Surveillance : O 34.6 (32.4 - 36.8)
:
Overall Pooled Surveillance <> 26.1(20.1 - 32.6)

Wolf et al Hepatology 2020; Singal et al Clin Gastro Hep (in press)
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EDRN phase |l study has facilitated biomarker validation

Early HCC | Sensitivity | Specificity
(n=208) (%) (%)
DCP 56 77
222 mAU/mL | (47 —87) | (46 — 86)
AFP-L3% 37 94
1.7% (31— 45) | (91 - 96))
AFP 66 82
10.9ng/mL | (56 -77) | (71—-90)
AFP and 70 80
DCP (62 —-82) | (69 -88)

Marrero et al Gastro 2009
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Biomarkers Tested in Phase 2 Reference Set

GALAD

Glycotest

Fucosylated kinninogen

Golgi protein 73

AFP + PIVKA Il (Architect platform)
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Novel biomarkers have demonstrated promising phase |l data

GALAD: Gender, Age, AFP-L3, AFP, and DCP 100
Multi-national nested case control with 6834 patients (2430 HCC, 4404 CLD)

Variable Sensitivity Specificity c{::l:;rsei:itelzg
UK cohort (all) 91.6% 89.7% 90.6% é
UK cohort (Milan) 80.2% 89.7% 87.9% % a0
Japan cohort (all) 70.5% 95.8% 87.2% §
Japan cohort (Milan) 60.6% 95.8% 87.7%
I Panel
Germany cohort (all) 87.6% 88.6% 88.3% B AFP
Germany cohort (unifocal < 5¢m) 67.4% 88.6% 87.5% I Fucosylated kininogen
No difference in GALAD performance by cirrhosis etiology, SVR, or HBV treatment ¢ 0 50 100

100% - Specificity%

Berhane et al Clin Gastro Hep 2016; Wang et al Cancer Epi Biomark Prev 2017 UT Southwestern

Harold C.Simmons
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Michigan cohort: GALAD and Glycotest appear promising

Results based on specimens collected within six months prior to HCC diagnosis

Full cohort: N=400, N-HCC=42
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Screening-level false positive rate

With 10% FPR, TPR for GALAD 72% vs. AFP 52%

Results based on specimens collected within six months prior to HCC diagnosis
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Screening-level false positive rate

TPR for Glycotest 78.6% and GALAD 71.4% vs. AFP 64.3%
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EDRN-funded Hepatocellular carcinoma Early Detection Strategy
(HEDS) study phase Il infrastructure
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1,559 patients enrolled
with median follow up of
3.4 years

Men 53%; 79% NHW;
median BMI 30.1

HCV 42%; NAFLD 21.6% ;
Alcohol 20.8%

87 incidence HCC;
incidence rate 2.6% per
1,000 person-years

UT Southwestern

Harold C.Simmons

Comprehensive Cancer Center :.:'..."',I'_:._r_._ =



National Liver Cancer Surveillance Trial: Study Overview

« Adaptive design with two phases
— Randomized phase |V trial, with primary endpoint of stage migration
— Transition to phase V trial if meets primary endpoint

« Randomized to ultrasound + AFP vs. GALAD or Glycotest

— Stratified by site given operator dependency and site-level variation in
ultrasound performance

— Consider stratification by high- vs. low-risk if validated risk model exists

UT Southwestern

Harold C.Simmons
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National Liver Cancer Surveillance Trial

* National, adaptive design that includes Phase 4 and 5 biomarker studies

» Transition to Phase 5 if meets endpoint

Patients with
cirrhosis

Standard of Care
(US+AFP) every 6
months

* Child class Aand B
* All etiologies of

liver disease
* No or controlled
ascites and HE
* Normal bilirubin

GALAD or Glycotest —
every 6 months

* No liver masses

Primary endpoint
 Stage migration

To be assessed at
year 3 or 4

8000 patients

(3000 patients from
HEDS/THCCC cohorts)

Standard of Care

(US+AFP) every 6
months

. GALAD or Glycotest
every 6 months

UT Southwestern

Comprehensive Cancer Center

Primary endpoint
* HCC mortality
* Harms

Secondary
endpoints
« Utilization and
curative
treatment
receipt

NCI
Harold C.Simmons CCxr




National Liver Cancer Surveillance Trial: Patient course

]
I T | |
Accrued to study =
cohort
Subject follow-up
time: 0
In those that do not

develop HCC during : I

study: 0

Administrative
censoring time

Death from other 2-year survival

In those that : I causes 90% Child A, 70% Child B
develop late stage I I 1
HCC during study: 0 Death from HCC  5-year survival ~11%
In those that L |
develop early stage | |
HCC during study: 0 HCC diagnosis

Did the patient develop No ol J| 5-year survival ~65%

Time from HCC to death decompensated cirrhosis 90% Death from HCC
during the first-year I

exponentially distributed,
conditional on HCC stage.

Yes | 5-year survival ~30%

|
post-treatment? 10%'

Death from other causes
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National Liver Cancer Surveillance Trial: Patient course

Screening visits every 6 +/- 1 months

Subject follow-up

time: - )
0 Administrative
censoring time
Early detection
In those that window
|
develop late _ | N
stage HCCduring ¢ \ HCC diagnosis
stu dy /,,,./ v \ v
-18 6
months \ months
4 \ Probability of a positive screen during this period
Probability of a positive screen during this \_ from surveillance test sensitivity:
period from surveillance test false positive \ * SOC:50%
rate: “e« Novel: 75%
* SOC:10% Probability of adhering to surveillance for each visit
* Novel: 10% e SOC:50%

*  Novel: 80%
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National Liver Cancer Surveillance Trial: Phase |V endpoints

» Positive predictive value vs. stage migration

— Positive predictive value = TP / (TP + FP)

» True positives assessed at last screening visit prior to HCC diagnoses whereas
false positives assessed at earlier visits among HCC patients and anytime among
non-HCC patients

— Stage migration — proportion of early stage diagnosis

« Study will assess Phase V endpoints if we reject the null hypothesis of
no difference between the two arms at the interim analysis.

UT Southwestern
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National Liver Cancer Surveillance Trial: Phase V endpoints

Time from HCC diagnosis to death
— Increased risk of lead time bias, particularly if may be indolent

Time from randomization to all-cause death in all patients
— Concerns about required sample size

Time from randomization to HCC-related death in all patients
— Competing risk analysis for death from other causes

Harms (physical, financial, psychological)

Power calculations assume interim analysis for phase |V at year 4

UT Southwestern

Harold C.Simmons

Comprehensive Cancer Center
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National Liver Cancer Surveillance Trial: Phase IV Trial: endpoints

Null (no difference) Alternative (difference) | Anticipated situation

(n=8000) (n=8000) (n=8000)

Ultrasound and AFP

Sens/ spec/ adherence 50% / 90% / 50% 50% / 90% / 50% 50% / 90% / 50%
GALAD

Sens/ spec/ adherence 50% / 90% / 50% 85% / 90% / 90% 70% / 90% / 80%
Positive predictive value Type | error interim analysis 45% and final analysis 12.5%
Probability terminate phase IV 58.7% 18.4% 29.8%

Power for time for HCC-related

. ) 5.0% and 4.7% 66.4% and 29.1% 49.5% and 20.5%
and all death in all patients

Proportion early stage Type | error interim analysis 25% and final analysis 17.5%
Probability terminate phase IV 76.8% 0% 0%

Power for time for HCC-related
and all death in all patients

5.0% and 5.2% 87.7% and 42.5% 80.5% and 38.1%

UTSouthwestern NC|
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National Liver Cancer Surveillance Trial: Recommended endpoints

* Phase |V trial primary endpoint: Stage migration

* Phase V Trial primary endpoint: Reduction of HCC-related mortality in
all patients

« Co-primary endpoint: Screening-related harms (physical, financial,
psychological)
— Secondary endpoints: Utilization, stage migration, curative treatment receipt

uUTSouthwestern NC |
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Summary

« HCC mortality is increasing in the US, largely related to late stage
diagnoses

« Despite having an identifiable at-risk population, current HCC
surveillance strategies are suboptimal with low sensitivity for early
detection

« EDRN has identified several promising biomarkers, which are
undergoing phase lll evaluation

A clinical utility trial using an adaptive phase 1V-V design is feasible
and would be a significant contribution to HCC management

UT Southwestern
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