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Hepatocellular carcinoma is 4 leading cause of cancer-related death
worldwide
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HCC-related mortality is increasing in the United States
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Curative treatment options exist for early stage HCC
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HCC surveillance reduces mortality in patients with chronic hepatitis B

100 Y | Screen Control
‘\—x s Variable Group Group
80 . ggn: " (n=9373) (n=9443)
R HCC cases 86 67
. gt % Stage | 60.5% 0%
S w ) e 46.5% 7.5%
L treatment
20 1 # HCC death 32 54
Mortality (per 83.2 151 5
X 0 6 12 18 24 30 36 42 48 54 60 100!000)
months Rate Ratio 0.63 (0.4-0.9)
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These results may not apply to contemporary U.S. population

Chinese screening population in 1990s U.S. screening population now
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HCC surveillance associated with early detection and improved
survival in patients with cirrhosis

Odds Ratio (35% CI)

Study
Onodera 1994 [39) E—-o-—
Wong 2000 [59) -:—-.-—
Bolondi 2001 [19] 8
Trevisani 2002 [55] ——
Yu 2004 [62) —— |
Taura 2005 [51] —— :
Ando 2006 [17) —-0-:-
Tanaka 2006 [49) =
Toyada 2006 [54] ——
Davila 2007 [25] ——0—:—
Leykum 2007 [35] : -+
Chan 2008 [22] :—0—-
Pascual 2008 [40] : e —
Silveira 2008 [44] : 4 >
Stravitz 2008 [47) —;—0—
Wang 2008 [58) —_—
Kuo 2010 [34] ——
Noda 2010 [38] —_
Tong 2010 [52) —_—
Tong 2010 [53) —_—
El-Serag 2011 [27] —
Yang 2011 [61) : ——
Sarkar 2012 [43) L —
Pooled Odds of 3-year Survival ]
I-squared= 81.6% (95%CI 73.3-87.3%) i
1
.

3.51 (1.95 - 6.33)
3.35 (1.83- 6.14)
1.39 (0.94 - 2.08)
2.09 (1.71 - 2.55)
1.19 (0.98 - 1.43)
1.27 (1.02 - 1.58)
1.64 (1.34 - 2.00)
1.31 (1.1 - 1.56)
1.88 (1.62-2.17)
1.39 (0.78 - 2.48)
2.19 (0.83 - 5.77)
2.14 (1.89 - 2.42)
3.63 (2.35 - 5.62)
3.14 (1.05 - 9.38)
2.15 (1.39 - 3.32)
2.02 (1.45- 2.81)
2.04 (1.79 - 2.32)
1.42 (116 - 1.74)
2.02 (1.25 - 3.26)
1.68 (1.05 - 2.69)
1.47 (1.09 - 1.87)
4,05 (3.05 - 5.39)
2.64 (1.33-5.27)
1.90 (1.67 - 2.17)
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Singal et al PLOS Medicine 2014

9.38

|dentified 47 studies with 15,158 patients — 6284 (41.4%)
detected by surveillance

Surveillance associated with:

» Early detection: OR 2.08, 95%CI 1.80 — 2.37

* Curative treatment: OR 2.24, 95%CIl 1.99 — 2.52
* Improved survival OR 1.90, 95%CI 1.67 — 2.17

Survival benefit persisted in studies adjusting for lead time
bias
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Recent data questioning effectiveness of HCC surveillance

N=238 cases and 238 controls
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Test effectiveness and screening access are critical to HCC
surveillance reducing mortality

\o _ Survival benefit from
HCC screening
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Ultrasound alone has poor sensitivity for early HCC detection

15 studies

|
Author Year : Sensitivity (95% CI)
Pateron 1994 s - 0.21 (0.05-0.51)
Larcos 1998 : 0.33 (0.04 - 0.78)
Tradati 1998 : 0.33 (0.04-0.78)

Henrion 2000
Bolondi 2001
Santagostino 2003
Sangiovanni 2004

0.67 (0.22 — 0.96)
0.82 (0.70 — 0.91)
0.25 (0.03 — 0.65)
0.24 (0.17 — 0.33)

|
|
:
|
Paul 2007 . 0.44 (0.14 - 0.79)
19942016 | | . 2010 ' 0.36 (0.21 — 0.53)
Qian 2010 : 0.68 (0.45 — 0.86)
Trinchet 2011 | . 0.65 (0.56 — 0.73)
Singal 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 o , 0.26 (0.14 — 0.41)
Pooled 0.47 (0.33 - 0.61)
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Nearly 1 in 5 ultrasounds suboptimal visualization for HCC surveillance

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 |
Alcohol-related NASH cirrhosis
19 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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AFP appears to be of benefit for early HCC detection

Author, Year . Risk Ratio (95% CI) c°st_Acceptability CUNe:
e i 10 Proportion of simulations optimizing cost-effectiveness
Henrion 2000 0.69 {0.38 - 1.25)
Lok 2010 | 0.70 {0.42 - 1.18) E 0.8
Qian 2010 —é—o—— 0.88 {0.81 - 1.27) é .

| E 06 Ultrasound with AFP
Trinchet 2011 — 0.87 {0.74 - 1.03) w

: s A Ultrasound Alone
Singal 2012 —o—L 0.50 {D.30 - 0.83) € 0 i

= B No Surveillance

Kim 2016 | 0.79{0.40-1.53) g_

' e 4
Pooled Risk Ratio <> 0.81(0.71-0.93) a 0.2 ! : A ‘ ‘
l-sguared 0% | B ‘

. [ |

| ‘..-Illl!!!EAA

| 0.0

07 i 567 50,000 100,000 150,000 200,000

Willingness-to-Pay Per QALY (2018 US Dollars)
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) UT Southwestern
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GALAD is a promising novel biomarker panel for early detection

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

Variable Sensitivity  Specificity g:;':lzg
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 < 5¢cm) 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
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Methylated DNA marker panels also show promise for early HCC
detection

Sensitivity, % (95% CI)

: Specificity
Biomarker Test Any Stage BCLC 0+ A Milan Criteria o, (95% ClI)
[n=136] [n = 81] [n=71]
Exact Sciences 81 70 o8 89
(74 — 87) (60 — 80) (56 — 78) (86 — 92)
AFP 64 52 46 89
(27.7 ng/mL) (56 - 72) (41 - 63) (35 -59) (86 — 92)
AFP 46 31 27 98
(20 ng/mL) (38 — 55) (21 -42) (17 - 39) (96 — 99)

Chalassani et al ILCA 2020 UT Southwestern
Harold C. Simmons

Comprehensive Cancer Center | .o



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 rounds 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

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 UTSouthwestern N éﬁ(l

Harold C.Simmons
Comprehensive Cancer Center ——r



Early data suggest abbreviated MRI can achieve high accuracy

UCSD-Duke? Mount Sinai?
N 298 174 79 86
Design Hepatobiliary AMRI Hepatobiliary AMRI Hepatobiliary AMRI Dynamic AMRI
Population cirrhosis, screening mixed, screening / diagnostic | cirrhosis, screening cirrhosis, diagnostic
Reference Std. composite histopathology composite composite
# Readers 2 2 2 5
Sensitivity 83.7 [71.7-90.9] 80.6 [70.7-87.8] 85.2 [72.8-93.3] 92.1 [86.4-95.6]
Specificity 93.2 [90.0-95.6] 96.1 [92.3-98.1] 92.2 [87.0-95.8] 88.6 [84.4-91.8]

Marks et al AJR 2015; Besa et al Abdom Imaging 2017; Tillman et al. Clin Radiology 2017; Khatri et al. JMRI 2019
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Test effectiveness and screening access are critical to HCC
surveillance reducing mortality
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Study

Studies from U.S.
Davila (2010)
Sanyal (2010)
Davila {2011}
Patwardhan (2011)
Yang (2011)
Singal (2012)
Palmer {2013)
Singal (2013)
Singal (2015)
Mittal (2018)
Wang (2016)

Aby (2017)
Goldberg (2017}
Robinson (2017)
Singal (2017)
Tran (2018)

Yeo (2018)

Chaoi (2019)

US Pocled Surveillance

Studies from Europe

Stroffolini (2011)
Fenoglio (2013)
Hasani (2014)
Edenvik {2015)
Van Meer (2015)
Bucci (2017)
Mancebo {2017)

Europe Pooled Surveillance

Studies from Asia
Kuo (2010)
Nam {2017}

Asia Pooled Surveillance

Overall Pooled Surveillance

HCC surveillance is underused in clinical practice
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Surveillance Utilization

9.2(8.0-10.6)
20.9(19.1-22.8)
12.0 (11.3-12.7)
51.3(43.2 - 59.4)
220 (17.9 - 26.6)
6.0(2.8-11.2)
104 (8.5-11.2)
67.6(62.9-72.2)
1.7(0.9-28)
50.0 (45.8 - 54.2)
38.4 (30.9 - 45.3)
6.9(28-13.8)
21(1.9-23)
357 (29.6-42.2)
21{1.3-31)
24.4 (22,7 - 26.2)
11.5(11.2-11.8)
6.8(64-73)
17.8(13.3-22.7)

49.4 (44.4 - 54.4)
23.8(18.7 - 29.5)
64.8 (52.5 - 75.8)
8.0(5.9- 10.4)

37.8 (34.4 - 41.4)
50.8 (49.1 - 52.4)
76.8 (73.6 - 79.7)
43.2 (26.4 - 61.0)

22.1(20.0 - 24.4)
81.5(77.4- 85.2)
34.6 (32.4 - 36.8)

26.1(20.1 - 32.6)

|dentified 29 studies between Jan 2010 — Aug 2018

Pooled surveillance estimate was only 26.1%

* Lower surveillance in US studies vs. Europe and Asia
(17.8% vs. 43.2% and 34.6%)

» Higher surveillance in Gl/Hepatology clinics vs. academic
primary care clinics and population-based cohorts (73.7%
vs. 29.5% and 8.8%)

Consistent correlates included higher surveillance with
Gl/Hepatology subspecialty care and increased number of

clinic visits and lower surveillance in patients with NASH or
alcohol-related cirrhosis.

UT Southwestern E'\l(":'l"

Harold C.Simmons
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Providers report potential barriers to HCC surveillance

Provider-reported barriers Safety-net health Tertiary care
system system
(n=77) (n=100)
Lack of knowledge about guidelines 68.2% 79.1%
Competing interests in clinic 51.6% 37.4%
Lack of time in clinic 40.5% 52.8%
Difficulty recognizing at-risk patients 35.4% 30.0%
Ultrasound capacity 23.0% 10.1%
Responsibility of subspecialists > PCP 5.3% 29.4%

Simmons et al Clin Gastro Hep 2018 uUTSouthwestern NC|

Harold C.Simmons CE- A=
Comprehensive Cancer Center Tr—




Patients report barriers to HCC surveillance

40% 38%

m Parkland

35%
m UTSW

31%
m Houston VA
24% 24%
21%
15%
12% 12%
10%
8%
5%
. -

Cost of testing Difficulty with scheduling Uncertainty where to get Transportation difficulties
ultrasound

30%

25%

20%

15%

10%

5%

0%

Presence of barriers independently associated with reduced HCC surveillance (aOR 0.62, 95%Cl 0.41 — 0.94)

Singal et al Clin Gastro Hep 2020 UT Southwestern

Harold C.Simmons

Comprehensive Cancer Center



In-reach and outreach interventions can significantly increase
HCC surveillance

Author, year . Study ! Pre-Intervention | Post-Intervention | Absolute | Relative
Study Seting Period el Outcome In (%)] [n (%)] Difference | Difference
Aberra, 2013 U. Michigan, USA | 2008-2011 Nurse base protocol One-time abdominal imaging 119/160° (74.4) | 331/355 (93.2) 18.8% 25.3%
Kennedy, 2013 Flinders Medical 2007-2009 | PCP and patient education, Semi-annual US and AFP 0/22 (0) 14/22 (63.6) 63.6% -
Center, Australia system redesign| for two years
Beste, 2015 Northwest Veterans | 2011-2012 EMR Reminder >2 abdominal imaging 103/564 (18.2) | 218/790 (27.6) 9.4% 51.6%
Affairs, USA within 18 months
Del Poggig, 2015 120 PCPs, ltaly 1994-2013 PCP Education HCC diagnosed by surveillance 85/244 (34.8) 105/190 (55.3) 20.5% 58.9%
Nazareth 2016 Royal Perth | 54169015 Nurse-led clinic Semi-annual ultrasound - 40/76 (52.6) : .
Hospital, Australia
Royal Liverpool . :
Farrell 2017 Hospital, UK 2009-2013 Radiology led recall Semi-annual US - 368/804 (45.8) - -
. KP Northern Not EMR identification and o A
Bui 2017 California, USA reportad physician extender 3 abdominal imaging in 2 years 51/224 (22.8) 183/224 (81.7) 58.9% 258.3%
| Singal, 2019 Parkland, Dallas, TX | 2014-2016 Mailed outreach Semi-annual US over 18 months 44/600 (7.3) 247/1200 (20.6) 13.3% 182.2%

Wolf et al Hepatology 2020
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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

* Intervention strategies show promise to increase utilization

UT Southwestern NC__&_I,_
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