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HCC Worldwide Incidence and Mortality
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Incidence and Mortality of HCC in USA
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Etiological Causes of HCC
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Etiology of Liver Disease at Listing for Liver
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Who is the target population for HCC Surveillance?

Cirrhosis

Hepatitis B viral infection
Hepatitis C viral infection
Alcohol-associated liver disease

Nonalcoholic steatohepatitis '

Normal liver

1 |
Courtesy of Dr. Amit Singal @ Penn Medicine




At-risk Population for HCC Surveillance

Population group Incidence of HCC

Sufficient risk to warrant surveillance

Child-Pugh A-B cirrhosis, any etiology >1.0% per year
Hepatitis B
Hepatitis C (viremic or post-SVR)
Alcohol associated cirrhosis
Nonalcoholic steatohepatitis
Other etiologies

Child-Pugh C cirrhosis, transplant
candidate

Non-cirrhotic chronic hepatitis B > 0.2% per year
Man from endemic country®
age >40vy
Woman from endemic country®
age > 50y
Person from Africa at earlier age®
Family history of HCC
PAGE-B score > 10°

Insufficient risk and in need of risk stratification models/biomarkers
Hepatitis C and stage 3 fibrosis < 0.2% per year
Noncirrhotic NAFLD

Singal AG, et al. Hepatol 2023 @ Penn Medicine



DAA-based Sustained Viral Response Reduces
HCC Incidence in hepatitis C Cirrhosis
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Increased Risk of HCC After HCV Eradication
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NAFLD Cirrhosis is Risk Factor for HCC

v
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PAGE-B Score to Determine Risk of HCC in
Chronic HBV Infection
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Trends in SEER Incidence Rates Trends in US Cancer Death Rates
by Primary Cancer Site by Primary Cancer Site
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AASLD PRACTICE GEIDELINE HEPATOLOGY, Vol. 42, No. 5, 2005

Management of Hepatocellular Carcinoma

Jordi Bruix' and Morris Sherman’

HCC Surveillance Recommendations

Recommendations

3. Surveillance for HCC should be performed using
ultrasonography (level II).

4. AFP alone should not be used for sceening unless
ultrasound is not available (level II).

5. Patients should be screened at 6 tol2 month

intervals (level II).
6. The surveillance interval does not need to be

shortened for patients at higher risk of HCC (level
).

I Y
& Penn Medicine



AASLD PRACTICE GUIDELINE HEPATOLOGY, Vol. 42, No. 5, 2003

Management of Hepatocellular Carcinoma

Jordi Bruix' and Morris Sherman’
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Radiologic Diagnosis of HCC

Arterial Phase Delayed Venous Phase

I
Marrero JA, et al. Hepatology 2003 @ Penn Medicine




LI-RADS Diagnosis of HCC

Arterial phase hyperenhancement (APHE)

Observation size (mm)

Count additional major features:

« Enhancing “capsule”
« Nonperipheral “washout”
+ Threshold growth

Nonrim APHE

<10 10-19 =220

LR-3 LR-3 LR-4

No APHE
< 20 =20
None LR-3 LR-3
One LR-3 LR-4 LR-4
= Two LR-4 LR-4 LR-4

Observations in this cell are categorized based on one additional major feature:

M + LR-4 —if enhancing “capsule”

* LR-5 —if nonperipheral “washout” OR threshold growth

Singal AG, et al. Hepatol 2023
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Surveillance for HCC Improves Mortality:
A Randomized Controlled Trial

Screened Group Control Group

Person-years F/U 38,444 41,077
HCC Occurrence
HCC cases 86 67
Incidence 223.7 163.1

Rate Ratio| 1.37 (0.99-1.89)
Deaths from HCC
Number 32 94
Mortality Rate 83.2 131.5
Rate Ratio, 0.63 (0.41-0.90)

. I
Zhang BH, et al. J Cancer Res Clin Oncol 2004;130:417 @ Penn Medicine



Performance of AFP and US in RCT

Test Sensitivity Sensitivity False

Early Stage positive rate

Ultrasound 43/51 36/61 604/20243

alone (84) (59) (3.0)

AFP alone 35/51 29/61 1019/20243
(69) (49) (5.0)

Ultrasound 47/51 43/61 1519/20243
and AFP (92) (71) (7.5)

1 I
Zhang BH, et al. J Med Screen 1999 @ Penn Medicine


Presenter Notes
Presentation Notes
Here you can see the performance characteristics of ultrasound and AFP from this RCT. Although ultrasound achieved a high level of sensitivity for HCC, AFP was still additive increasing the sensitivity from 84 to 92%. Similarly, AFP increased the sensitivity of ultrasound for early HCC from 63% to 71%. JM: would make the point that the main strategy were both 


Ultrasound and AFP Surveillance in
Early HCC: Systematic Review

Only 4 in 10 HCC are
identified at curable stage

rTee
Pt
A

detection?

What is the best
strategy for early

Sensitivity of
T ultrasound alone:
e 45%

==l L ! L & L & L
i i i i

Sensitivity of
ultrasound + AFP:

A j are

e b e e e

Tzarzeva K, et al. Gastroenterology 2018
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HCC Surveillance in Cirrhosis Improves Survival

HCC surveillance is associated with improved early detection, curative treatment
receipt and overall survival in patients with cirrhosis

9 Surveillance for HCC remains HCC Surveillance associated with:
controversial due to lack of

randomized data
Surveillance harms:
Early stage detection: 4 studies with 2,578 patients
Articles from 2014-2020 OR 1.86, 95%Cl 1.73-1.98 L
Inclusion: Surveillance benefits and Jr
Occurred in 8.8%-27.5% of

harms in patients with cirrhosis
(5) atients across studies
:

é Receipt of curative therapy: Most mild in severity

OR 1.83, 95%CI 1.69- 1.97
Lack of data on financial or J
Systematic review/Meta-analysis:
59 studies with 145,396 patients

psychological harms

=N

€

Overall survival:
HR 0.67, 95%CIl 0.61-0.72

I
Singal AS, et al. J Hepatology 2022;77:128. @ Penn Medicine




Potential Physical Harms of HCC
Surveillance

> Retrospective cohort of 680
cirrhosis patients over 3 years

» Surveillance detected 48 HCC

120 |

100 4

(700/0 (n=34) early) :?\Jn;f—i;rlyHCCdetection
. 80 1 OEarly HCC detection
> Physical harms observed in 187 i
0 60 - WSevers harm
(28 A)) oModerate harm
40 4 aMild harm

> Moderate-severe harm

in 59 (10%) patients “
> Despite Similar benefits, ; Ultrasoun clbenef'rtsI USharms I AFP benefits I AFP harms

higher proportion of harms
related to US than AFP
22.8% vs. 11.4% (p<0.001)

- I
Atiq et al Hepatology 2017 @ Penn Me dicine



Quality in Cancer Care Continuum

Risk -. Primary -' Detection -' Diagnosis I»- Cancer -' Recurrence

Assessment Prevention Treatment End of life care
Failure Failure Failure Failure Failure Failure
To Identify In In Primary To To To F/U
At-Risk Access Prevention Screen Detect Abnormal
Patients To Care Result

-
Singal et al. Clin Gastro Hep 2013 . .
@ Penn Medicine



Many At-risk Patients are not Identified
Prior to HCC Development

At-risk 80% Identify 779 Recognize 389 Order 86% Inconsistent oy Consistent
. . . AN . A . A ) A )
Patient °lliver disease cirrhosis surveillance Surveillance Surveillance
performed performed
n=178 n=142 \‘ n=109 n=42 n=36 n=9
Failure 20% 23% 62% 14% 75%
Rate n=36 n=33 n=67 n=6 n=27
I

Singal et al, Cancer Prevent Research 2012 @ Penn Medicine


Presenter Notes
Presentation Notes
One of the key limitations of current studies is that they fail to determine why surveillance is not being performed. We completed a retrospective cohort study with nearly 200 patients diagnosed with HCC over a 6-year period to help answer this question. We categorized any failures in the surveillance process into 4 mutually exclusive categories including failure to recognize liver disease, failure to recognize cirrhosis, failure to order surveillance, and failure to complete surveillance despite the presence of orders.

You can see there are failures at multiple steps, with about 20% of patients dropping off at each of the first two steps. Overall, nearly 40% of patients were not known to have liver disease and/or cirrhosis prior to presenting with HCC. This was particularly problematic for patients with fatty liver disease, possibly given a lack of serologic testing to help with diagnosis.

The most common reason for a lack of HCC surveillance was a failure to order surveillance in those with known cirrhosis, which accounted for the majority of patients who did not receive surveillance. The least common reason was a failure to complete surveillance despite the presence of orders, which is consistent with prior studies suggesting high patient acceptance. Of course, it is possible that this step is not problematic given the small number of patients making it to this step. If the number of screening orders increased in the future, there may be issues, such as radiologic capacity, that would increase failures at this step. 


Quality in Cancer Care Continuum

Risk -. Primary -' Detection -' Diagnosis I»- Cancer -' Recurrence

Assessment Prevention Treatment End of life care
Failure Failure Failure Failure Failure Failure
To Identify In In Primary To To To F/U
At-Risk Access Prevention Screen Detect Abnormal
Patients To Care Result

-
Singal et al. Clin Gastro Hep 2013 . .
@ Penn Medicine



Providers report potential barriers to
HCC surveillance

Provider-reported barriers Safety-net Tertiary care
health system system
(n=77) (n=100)
Lack of knowledge about 68.2% 79.1%
guidelines
Competing interests in clinic 91.6% 37.4%
Lack of time in clinic 40.5% 52.8%
Difficulty recognizing at-risk 35.4% 30.0%
patients
Ultrasound capacity 23.0% 10.1%
Responsibility of subspecialists > 5.3% 29.4%
PCP

I
& Penn Medicine

Dalton Fitzgerald et al. Clin Gastro Hep 2015
Simmons et al Clin Gastro Hep 2018




Patients report barriers to HCC surveillance

35
30
25 N=541 patients
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0
Schedulmg Cost of Uncertainty of Transportation BPerceived Fear of finding Time Fear of pain
process surveillance where to get poor test cancer commitment
tests surveillance efficacy

Patient-reported Barriers

Receipt of HCC surveillance was significantly lower in patients reporting barriers to
surveillance (54% vs. 71%; OR 0.42, 95%CI 0.25 — 0.70)

. 1
Farvardin et al. Hepatology 2017 . .
¥ & Penn Medicine



Quality in Cancer Care Continuum

Risk -. Primary -' Detection -' Diagnosis I»- Cancer -' Recurrence

Assessment Prevention Treatment End of life care
Failure Failure Failure Failure Failure Failure
To Identify In In Primary To To To F/U
At-Risk Access Prevention Screen Detect Abnormal
Patients To Care Result

-
Singal et al. Clin Gastro Hep 2013 . .
@ Penn Medicine



US Quality in Surveillance of HCC

707 66.5%

60
50
40

30 1

Proportion of exams

20 13.99, 14.2%

10 6.1%

Definitely Adequate Likely Adequate Likely Inadequate  Definitely Inadequate

]
Simmons O, et al. Aliment Pharmacol Ther 2017 Jan;45(1):169 @ Penn Medicine




Utilization of Surveillance for HCC is Low

Study Study period Location Study setting Study population Utilization of surveillance
Clinical cohorts with data verified by chart review
Mohammed 2007-2009  USA Tertiary centre 369 patients with cirrhosis (alcoholll 14% underwent surveillance scans every
etal.™ 32%, NAFLD 23%, HCV 21%) 6 months
Signorelli et al.™ 2012-2014 Brazil Atertiary centreand a 253 patients with cirrhosis (alcoholl] 6.3% received an ultrasound every 6 months
private centre 37.9%, HBV 13.8%)
Tran etal.™ 2001-2015 USA Tertiary centre 2,366 patients with HCV cirrhosis 24.4% adhered to imaging every 6 months and
44% to imaging at least every 12 months
Administrative data base studies
Palmer et al.”* 2006-2007 USA Data from an insurance 5,061 patients with cirrhosis 26% underwent at least one imaging test over
claims data base (alcohol 59%, HCV 30%, HBV 4%) 15 months
Goldberg et al.™ 2008-2010 USA Data from the Veterans 26,577 patients with cirrhosis (HCV,] Up-to-date with ultrasound for HCC
Health Administration alcohol or a combination in >80% surveillance 17.8% of the time (mean for all
of included patients) patients)
Davila et al.* 1998-2005 USA Data from the Veterans 13,002 patients with HCV cirrhosis | 12% received routine surveillance (ultrasound
Health Administration and AFP levels during at least 2 consecutive
years in the 4 years after cirrhosis diagnosis)
Yeo et al.™ 2007-2016 USA Nationwide administrative 82,427 patients with cirrhosis 8.8% received surveillance every 6-12 months
claims data base (viral hepatitis 2.1%; NAFLD 6.9%;
alcohol 2.8%:; others 88.2%)
Singal et al.* 2010-2012 USA Integrated health-care 1,137 patients with cirrhosis (HCV 2% received surveillance every 6 months,
delivery system in 28.9%, NASH 28.7%) 33% received =1 ultrasound during the 2-year
Washington State follow-up period
Nguyen et al.* 2013-2019 USA Mationwide administrative 15,543 patients with cirrhosis Patients were up-to-date with recommended
claims data (NASH 38.2%, HCV 29.1%, alcohol || surveillance for only 31% (days covered/days of
27.3%) follow-up) of a median 1.3-year follow-up (any
abdominal imaging was considered to provide
6 months of days covered)
Chang et al.™ 2000-2015  Taiwan Mational health insurance 4,641 patients with HCV cirrhosis 14% adhered to annual HCC surveillance
data base (abdominal ultrasound and AFP test) during
the follow-up period

1 I
Huang DQ, et al. Nat Rev Gastroenterol Hepatol 2023 @ Penn Medicine



Population-based Interventions
Significantly Increase Surveillance Rates
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Presenter Notes
Presentation Notes
We recently completed a large pragmatic randomized trial among 1800 patients with cirrhosis followed at Parkland. Patients were randomized to usual care, mailed outreach alone in which they received a letter inviting them to have HCC screening done, or mailed outreach with patient navigation to help schedule the HCC screening tests. The red bars in this figure represent the receipt of any screening over the 18 month period. We observed significant increases in both intervention groups compared to usual care; however, the proportion with any screening was not significantly different between the two intervention groups. In contrast, there was a difference in consistent screening every 6 months as recommended by professional society guidelines between the two intervention groups. Consistent screening was only performed in 7% of usual care patients, compared to 18% of outreach alone patients, and 23% of patients who received outreach and patient navigation. Although the observed increases in screening rates were promising, there were many patients who did not receive screening leaving room for further improvement. 


Surveillance Testing and Utilization are linked
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Adherence Improves the Effectiveness of Screening

25% utilization 65% sensitivity 16% effectiveness
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Ultrasound and AFP Surveillance in
Early HCC: Systematic Review

Only 4 in 10 HCC are
identified at curable stage
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detection?

What is the best
strategy for early

Sensitivity of
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Sensitivity of
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Tzarzeva K, et al. Gastroenterology 2018
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Phases of Biomarker Development for
Early Detection of Cancer

Preclinical

Exploratory
- B e
Clinles] Giade Assay s
Development and

Verification

Demonstrate that the assay can
accurately detect established

cancers. Retrospective
Longitudinal Trial
. These trials determine whether the
Prospective assays can detect preclinical disease
Screening Trial (before symptoms have developed)

: ; and a “screen positive” rule is defined.
These trials determine the extent

and characteristics of the disease
detected by the test and the false
referral rate is determined.

Cancer Control

The impact of screening on reducing
cancer mortality in the population is
quantified.

Parikh N, et al. J Hep 2023 . .
Pepe MS, et al. J NCI 2001;93:1054 @ Penn Medicine



Performance of AFP, AFP-L3 and DCP

DCP
mAU/mL

AFP-L3
%

Total AFP
ng/mL

N
& Penn Medicine

Marrero JA, et al. Gastroenterology 2009

in Early Stage HCC

Cutpoint Sensitivity | Specificity
(95%CIl) (%) (%)
202 56 77
(61-331)
0.6 37 93
(0.6-1.9)
10.9 66 82
(5.7-18.4)



GALAD for the detection of Early Stage HCC In
Cirrhosis

Z=—10.08 +0.09 x age + 1.67 x sex + 2.34 x log(AFP)
+ 0.04 x AFP-L3 + 1.33 x log(DCP)

True True False False Correctly

Set HCC non-HCC HCC non-HCC Sensitivity Specificity classified Cutoff
All data: BRM Max. sens. (spec. = 0.80) 367 347 87 15 96 80 88 -1.36
and NCL
Model & Max. spec. (sens. = 0.80) 306 420 14 /6 80 97 89 0.88
Max. sens.+ spec. 356 385 49 26 93 89 9 —-0.63

1 I
Johnson PJ, et al. Cancer Epidemiol Biomarkers Prev 2013;23:144 @ Penn Medicine



GALAD (-0.63)

HES algorithm
(10.17)

AFP 20 ng/mL

AFP-L3% 10%

DCP 7.5 ng/mL

Patient-level sensitivity
Screening-level specificity
Patient-level sensitivity
Screening-level specificity
Patient-level sensitivity
Screening-level specificity
Patient-level sensitivity
Screening-level specificity
Patient-level sensitivity

Screening-level specificity

Cirrhosis

Any stage HCC

Early-stage HCC

Validation of GALAD for the Early Detection of HCC in

Any time prior
to HCC

571 (41.9-72.4)
86.5 (83.0-89.9)
45.2 (30.4-60.0)
90.5(87.7-93.1)
35.7 (21.7-51.4)
91.7 (88.9-94.3)
66.7 (52.0-81.3)
82.7 (78.5-86.5)
23.8 (11.6-37.5)
92.3 (89.8-94.6)

0-6 months prior

to HCC
72.0 (53.8-89.3)

44.0 (23.8-62.5)

48.0 (28.0-68.8)

72.0 (52.4-88.9)

20.0 (5.0-37.5)

Any time prior
to HCC

53.8 (33.3-73.3)
34.6 (15.4-54.2)
46.2 (26.1-65.4)

73.1 (54.2-88.9)

30.8 (13.6-50.0)

0-6 months
prior to HCC

73.7 (52.6-93.3)

421 (19.0-66.7)

57.9 (33.3-80.0)

73.7 (52.4-93.3)

26.3 (6.7-48.5)

1 I
Singal AG, et al. Hepatology 2022;75:541 @ Penn Medicine



Phase 3 validation of GALAD in HCC: HEDS Study

.10
specificity=82%:
—— specificity=07%
0.8 —
'.l
e e 4 GALAD (t=—1.36)
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-— o B0% specificity — — <f months
B2% specificity — <12 months
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1 3 6 12 18 24 36
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Months Prior to Diagnosis
1-Specificity
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HCC Surveillance Tests Undergoing Validation

Test Level of Evidence

GALAD Phase 4/5 validation
PEB Longitudinal GALAD and Phase 3
AFP
Methylation DNA algorithm* Phase 2 validation
Fucosylated Kinninogen™* Phase 2 validation
Cell-free DNA*** Phase 2 validation
mSEPT9 Phase 2 validation
Multicenter platform Phase 2 validation
Multiphase MRI Phase 1/2
Abbreviated MRI Phase 2

*Oncoguard **Glycotest ***HelioLiver

I Y
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Emerging Techniques for Liquid Biopsy

Q@ .0 D P ‘:\ | ANV |
) @ o, o © _—> | A |
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Extracellular vesicles o -"g o @ )

Circulating tumor cells tumor DNA

Circulating

I
Arvind A, et al. Clinical Liver Disease 2022;20:18
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Multicenter Validation of Abbreviated
MRI for Early Stage HCC

> Retrospective study in 161 patients with
cirrhosis who underwent MRI followed by
resection or transplant for early stage HCC.
138 controls without HCC

> Dynamic abbreviated MRI had a sensitivity
of 88% and specificity of 89% for early
stage HCC

> 54 (33%) had HCC between 1-1.9 cm

> Patient-level sensitivity was lower in Child-
Pugh B or C cirrhosis than class A

> Issues with cost, capacity, patient
preference

Yokoo T, et al. Radiology 2023:307:6220917 .
@ Penn Medicine



National Liver Cancer Screening Trial

Patients with cirrhosis and
chronic hepatitis B
(n=5,000)

- Child class A and B O—

- All etiologies of liver disease Stratification:
- No evidence of suspicious Site
liver masses Child Pugh A/B

Liver disease etiology

—

Standard of care
(US and AFP
every 6 months)

GALAD alone

Primary Endpoint:
Reduction in
proportion of late
stage HCC

& Penn Medicine



Topics

> Epidemiology

> Early Detection

> Risk-Stratification
> Summary

& Penn Medicine



Cirrhosis is the Main Risk factor for HCC

Dysplastic nodules Hepatocellular carcinoma

SO —  |LGDN —+ HGDN —*P —"E(a: ;:E:JE —"ngrﬂsad S St

HCC

g

Chronic HBV/HCY infection % '%. > ”
Non-alcoholic steatohepatitis . - ‘e : .
. Aleohol ' . -"i? *:i!‘ .)
Other - & :
~80%
e = e e e e e e e e e e e ! i
Genomic instability
Chronic -
hepatitis I

Tumour-initiating
event

Trunk gatekeeper alteration Trunk driver alteration Accumiulation of additional driver alterations over time:

- TERTp mutations (6% LGDN; 193 HGDN) - TERTp mutations E.g. -Mutations (TERTp, TP53, CTNNET, ...)

- chromosomal gains (1q, 8q) - CTNNBT mutations - DNA amplifications (VEGFA, MYC)

- chromosomal losses (Bp, 22p) - TP53 mutations - DNA deletions (COKNZA, AXINT, IRF2)

- Epigenetic changes (APC, SOCST) (51% of small HCCs) - DNA methylation of promoter regions (IGF2)

I D S
Llovet JM, et al. Nat Cancer 2022:3:386 @ Penn Medicine



Opportunities in Risk-Stratification for
Development of HCC

Risk Stratification Early Detection
High-risk patients r P p<0.05
Prognosis r
6 maonths
o .@ -
Time
Diagnosis
|+ p<0.05
. Treatment DrugAP g T—E“—L,_
. Response —'[__:P' : % Y
Prediction b OP - —
- Ime
Definite _._F :
HCC Bio-
marker = p=ns
DrugAP $ -qqzl..gh
=
@ Placebo a
Time

Low-risk patients

- 1
Singal A, et al. Gastroenterology 2021;160:2572 @ Penn Medicine




Independent Risk Factors for HCC in Cirrhosis:
HEDS Study

p-value, OR, 95% ClI

: No HCC ol
Risk factor L
E'malysis T~ X n=1230  §|Gender <0.001, 2.47, 1.54 - 4.07
—\ith = 6 months # | Years with cirrhosis 0.004, 1.06, 1.02 - 1.1
- : 2
N = 1,723 patients foow:up '“G'de”é?CC T | Family h/o liver cancer 0.02, 2.69, 1.11 - 5.86
p . . n= m
with cirrhosis £ | Age 0.02, 1.17,1.03 - 1.33
l e = | Obesity 0.02, 1.7, 1.08 - 2.73
Follow-up AST 0.06, 1.54, 0.97 - 2.42
RMEdia'E 2182?}’8“5 AFP 0.07, 1.32, 0.97 - 1.77
ange: U -o. ears
g y BLLL stage: Albumin 0.10, 0.7, 0.46 - 1.07
Incident HCC 81% (n=88) D/A, S ' '
n=109 + 15?;"{12'2}:' B, *Fourteen risk factors for HCC were significant (p<0.05) in univariate analyses,
% (n= and the multivariate subset was se 5 ise logistic regressian.
HCC incidEI‘ICE unknown Dn?:.llzatien:ts withtzomrljel:a- dataseﬁcft::’at?rﬂ :pn?:blesjuﬁerf: inclguded:
HCC n=88, no HCC n=1,172.
2.4/100 person-years GaStroenter()logy
I

Reddy R, et al. Gastroenterology 2023;165:1053 @ Penn Medicine



Summary |l

> The phases of biomarker validation are critical to provide
the best evidence for validating for detection of cancer

> The aims of new biomarkers should be to improve
sensitivity and also increase utilization

>»We showed in a large phase 3 that GALAD is more
sensitive than AFP

> National Liver Cancer Screening Trial will answer whether
GALAD will lead to better effectiveness of HCC screening

> There are other potential biomarkers for HCC surveillance
that need further validation

N
& Penn Medicine
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