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Tumor components released to fluids

Liquid-Biopsy Sources

Cerebrospinal fluid
Tumors of the central nervous system
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Head and neck tumors
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Liquid biopsy
Clinical applications
Molecular analysis in liquid biopsy
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Outline

* Liquid biopsy in the clinical management of HCC

®* Early detection (tumor burden, minimal residual disease)

®* Biomarkers of treatment response



Author, year

HCC early detection

Recommended tools
Abdominal US

Sensitivity (95% CI)

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 E + 0.67 (0.22 - 0.96)
Bolondi 2001 E —_— 0.82 (0.70- 0.91)
Santagostino 2003 + : 0.25 (0.03- 0.65)
Sangiovanni 2004 —p— E 0.24 (0.17 - 0.33)
Paul 2007 75 0.44 (0.14 - 0.79)
Lok 2010 —o—i— 0.36 (0.21 - 0.53)
Qian 2010 T + 0.68 (0.45 - 0.86)
Trinchet 2011 E —_—— 0.65 (0.56 - 0.73)
Singal 2012 —0—5' 0.32 (0.18 - 0.48)
Pocha 2013 — 0.56 (0.21 - 0.86)
Frey 2015 E 0.89 (0.52 - 1.00)
Kim 2016 —_— E 0.26 (0.14 - 0.41)

Pooled sensitivity for early HCC
I-squared 87%

0.47 (0.33 - 0.61)
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AGE-DISTRIBUTION OF a-FETOPROTEIN IN
HEPATOCELLULAR CARCINOMA
SiaDr. Mawes sud e cutiagon’report 1 indicadng
a possible influence of age on the occurrence of a-feto-
proteia (A.%.F.) in patients with hepatocellular carcinoma and

age of the patients (sce accompanying tble) indicates that
positive tests occurred mainly in the younger patients. The
protein was present in 100% of patients under thirty, in
66% of patients between thirty and forty, and in only 22%
of patients over foety.

AP, TESTS 1% DIFFERENT AGE-GROUSS IN PATIENTS WITH PRIMARY
HEPATIC CARCINOMA
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LYMPHOCYTE ABNORMALITY IN CHRONIC
MUCOCUTANEOUS CANDIDIASIS
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Cirrhosis in US
(n=600,000%*)

HCC
(2-3% annual risk,
n=30,000)

HCC early detection

Survelllance in the US

HCcC
(n=30,000)

A

v
A

HCC not
detected
(37%, n=11,100)

HCC detected at
early stages*
(63%, n=18,900)

Surveillance in cirrhosis
(Meta-analysis)
Study Surveillance Receipt (95% CI)
Davila 2010 - i 92(8.0-106)
Kuo 2010 - 22.1(200-244)
Sanyal 2010 -! 209(19.1-228)
Davila 2011 . : 120(11.3-12.7)
Patwardhan 2011 —_—— 513(432-594)
Stroffolini 2011 —— 494 (444-544)
Yang 2011 — 22.0(179-266)
Singal 2012 - ' 60(28-112)
Fenoglio 2013 — 238(18.7-295)
Paimer 2013 . ' 104 (95-112)
Singal 2013 : —— 67.6(62.9-722)
Hasani 2014 H —_— 64.8(525-758)
Edenvik 2015 - : 80(59-104)
Singal 2015 . . 17(09-28)
Thein 2015 . ! 11(0.7-1.8)
Van Meer 2015 ' o 37.8(34.4-414)
Mittal 2016 ' . 500 (45.8- 54.2)
Signorelli 2016 e ' 63(37-10.1)
Wang 2016 ' —— 384 (309-46.3)
Aby 2017 —— ' 69(28-138)
Bucd 2017 ! - 50.8(49.1-524)
Goidberg 2017 . H 21(19-23)
Mancebo 2017 . —_— 76.8 (736 -79.7)
Nam 2017 ' ——  815(774-852)
Robinson 2017 | —— 357 (296-422)
Singal 2017 - ! 21(13- 31)
Tran 2018 - 24% 244 (227-262)
Yeo 2018 . ' 1M5(11.2-11.8)
Choi 2019 - K 68(64-7.3)
Overall Surveillance Receipt ¢ 24.0(18.4-30.1)
N
T = T T
o 50% 100%

o

Wolf E et al. Hepatology 2020 /

*Scaglione, J Clin Gastroenterol 2015
Tzartzeva, Gastroenterology 2018



HCC early detection

Survelllance in the US

Cirrhosis in US HCC (a O\
(n=600,000%*) (n=30,000) Barriers to early HCC
4 HCC not detection:
detected
(85%, n=25,500) @

Improve accuracy

of the tool

Increase

implementation
v
HCC
HCC detected at
(2-3% annual risk, I early stages \ j
n=18,000) (15%, n=4,500)

Scaglione, J Clin Gastroenterol 2015
Tzartzeva, Gastroenterology 2018



% of HCC detected
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HCC surveillance
Improving sensitivity, utilization or both

63% utilization
_ o 39% HCC detected
" 82% sen., 44% util.
63% sens. o) 36% HCC detected
| |eE e 100% sensitivity
25% HCC detected
115% HCC
detected
0 10 20 30

% increase in test sensitivity or utilization or both



% up to date with surveillance

80%

70%

60%

50%

40%

30%

20%

10%

0%

HCC surveillance utilization
The big picture

-~ 25%

HCC

Prostate

Colorectal

Cervical

Breast

NIH — Cancer Trends Progress Report



Uterus
Thyroid
Testicles
Stomach
Prostate
Pancreas
Ovary

Lifetime risk of cancer
NCI SEER database

12.3%

11"

Oral cavity and pharynx..

Non-Hodgkin lymphoma
Multiple myeloma
Melanoma of the skin*
Lung and bronchus
Liver and bile duct
Leukemia

Larynx (voice box)
Kidney and renal pelvis
Hodgkin lymphoma
Esophagus

Colon and rectum
Cervix

Breast

Brain and nervous system
Bladder (includes in situ)

=\Women mMen

o

12.7%

10 12 14

https://www.cancer.org/cancer/risk-prevention/



Uterus
Thyroid
Testicles
Stomach
Prostate
Pancreas
Ovary

Lifetime risk of cancer
NCI SEER database

12.3%
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Oral cavity and pharynx..

Non-Hodgkin lymphoma
Multiple myeloma
Melanoma of the skin*
Lung and bronchus
HCV+ Liver and bile duct
Leukemia

Larynx (voice box)
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(n=1,098 HCC, n=835 control)

Table 1| Characteristics of ten methylation markers and their coefficients in HCC diagnosis.

Markers

Ref Gene

Coefficients

Liquid biopsy
Methylation of circulating tumor DNA (ctDNA)

Methylation diagnostic signature

SE zvalue p value
15.595 2395 6513 <0.001
cg0428836 BMPRIA 1.543 0.885 —13.040 <0.001
cg26668608 PSD 4.557 0.889 5129 <0.001
cg25754195 ARHGAP25 2519 0722 3.487 <0.001
cg05205842 KLF3 —3.612 0954 —3.785 <0.001
cgl1606215 PLACS 6.865 1095 6.271 <0.001
cg2406791 ATXN1 —5.439 0.868 —6.265 <0.001
cg18196829 Chr 6:170 —9.078 1.355 —6.698 <0.001
cg23211949 Chr 63 —5.209 1,081 —4.819 <0,001
cg17213048 ATAD2 6.660 1422 4683 <0.001
€g25459300 Chr 8:20 1994 1.029 1938 0.053
SE: standard errors of coefficients; z value: Wald z-statistic value.
a b
Training Real | Real Validation | Real | Real
dataset HCC [normal| dataset HCC Ihormall
Predict HCC | 613 | 32 Predict HCC | 319 | 26
Predict normal| 102 | 528 |[Totals| |Predict normal| 64 | 249
Totals 715 | 560 (1,275 Totals 383 | 275 | 658
Correct 613 | 528 [1162 Correct 319 | 249 | 568
Sensitivity (%)| 85.7 Sensitivity (%)] 83.3
Specificity (%) 94.3 Specificity (%) 90.5

Methylation diagnostic signature

R (3 mm um«m- Hee wm.m :Prmull Non-HCC with ammu Controls without cirrhosis,
Discovery I I (n= | I (n=26) I
 Reduced npvmmnﬁon bisulfite uqucnclng
* DNA extracted from frozen tissue
HCC with cirrhosis | [ HCC -mmn cmulu Non-HCC with cirrhosis | [Controls um.m cirthosis
Technical =11 | | n=9) ” =22)
validation . myhﬁon ;p.clﬁl: PCR
- DNA extracted from frozen tissue
- Same samples as performed in discovery
HCC with cirrhosis | I HCC wmmn :Irrho-l- ] Non-HCC with ehnmh] Icmma- without cirrhosis
Biological (n=38) (n=16) (n=13)
. Mylnlon lpodﬁc
valldatlon . nunfomulnnxnpmm embedded tissue
. Uniqu. samples
Phase | (.. =30)
Plasma Quantitative allele-specific real time target and signal amplification
study sﬂkommd from plasma
Inique samples
ncc Non-HCC with cirrhosis | [Controls vm.hom cirmhosis
Phase Il (»-m (n=51)
Plasma Ty M plified -lun-l --y
extracted plnmn
StUdy * Unique samples
B
D 10
08
2 2
= >
3 0s 2
@ 2
S 04 @
3 » ~— MDMs + AFP 0.95 (0.92-0.98)
02 024 — MDMs 0.94 (0.90-0.97)
’ ’ — AFP 0.80 (0.74-0.87)
0.0 0.0 T T T T J
Stage Stage Stage Stage tay
r re e age  Stpge 00 02 04 06 08 10
1-Specificity

Xu RH, Nat Mater 2018
Kisiel, Hepatology 2018



Fragmentation profile

Liquid biopsy
Fragmentomics (ctDNA)

cfDNA fragment profile HCC detection
(n=75 HCC, 30% BCLCO/A)
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Liquid biopsy

VirScan
Study design (Viral-host interactions) HCC detection performance
Discovery Validation NIDDK cohort (baseline) NIDDK cohort (at diagnosis)
ehabics o Qo
(Case-Control) (Longitudinal) - — 7]
Og * o "L S @© |
» T o o
£ : . upto20yr *
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] S S 5
& HCC Ui 3 °
AR PC AR HCC P AFP: 0.62 N AFP: 0.74
) ; ) ) . VES: 0.91 VES: 0.98
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| I I I I | T T T T T T
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Liu J, Cell 2020



Extracellular vesicles
Definition, biogenesis and function
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Liquid biopsy
Small RNA clusters — Extracellular vesicles
Small RNA clusters (smRC)

Low complexity
(Peak dominance, non-uniform tiling)

High complexity
(No dominance, uniform tiling)

Subcluster merger
(Highly proximal clusters merged)
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Liquid biopsy

Small RNA clusters — Extracellular vesicles

Exosome-based disease classifier (n=15 patients) Small RNA in exosomes (n=190)
T (T Bl _ : CLD (n=105)
= — - o " ) :  HCC (n=85)
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von Felden, Gut 2021



Liquid biopsy

Small RNA clusters — Extracellular vesicles

Exosome-based disease classifier (=209 patients)

Sensitivity
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Liquid biopsy

Small RNA clusters — Clinical assay

DNA toehold probe-based photonic resonator 3-smRCs cluster performance
absorption microscopy
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Liquid biopsy

HCC surveillance (Biotech landscape)

Sensitivity /
Company Product VLY
Specificity
Exact sciences ctDNA methylation 81% /87%
Glycotest Glycoprotein 95% / 90%
Genetron Health ctDNA methylation / 85% / 93%
mutation
Helio Health CctDNA methylation 76% / 91%

Glympse bio Protease biosensors T7% 1 77%



NYC Translational Research Center
Liver Cancer Surveillance

Prospective Biobank n=2,560

(trans-network collaborations)
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Other 8%
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Aim 1: Phase 2 biomarker study
testing liquid biopsy to detect
curable HCC
|
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Retrospective Cohort
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‘ v ¥ ¢ ¥
Advanced Liver Healthy Early Controls at

stage HCC Disease Liver stage HCC risk of HCC
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n=272 n=164 n=16 | | n=760
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Aim 2: To integrate clinical data, liquid biopsy
and MRI-based radiomics to characterize
indeterminate nodules in cirrhosis

Retrospective Cohort Prospective Cohort

Cirrhosis with Cirrhosis with
indeterminate indeterminate
nodules n=200

nodules n=400

Clinical MRI-based Clinical MRI-based Liquid
Data Radiomics Data Radiomics Biopsy
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Clinical Data
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Liguid Biopsy Imaging
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HCC survelillance, 2030

Chronic liver disease High risk of HCC HCC Individual HCC
development surveillance probability

Germline

DNA, viral
features, liver
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(Artificial intelligence)




Outline

* Liquid biopsy in the clinical management of HCC

®* Biomarkers of treatment response



Diagnosis of HCC

Non-invasive criteria

CT-scan
(Hallmark imaging features)

Liver nodule in cirrhosis
detected on ultrasonography

YES .
»|  Hepatocellular carcinoma
A A
Radiologic hallmarks on
contrast-enhanced CT or MRI
: : 1 YES
Hyperenhancement in arterial phase
and washout in portal venous phase Radiologic
[ hallmarks
on the -
NO‘ other imaging
technique
CT or MRI ro
Repeat Growing
uItr:A'sou'nd L Biopsy
examinations
every 3—4 months
Stable
K
v v
Consider
¥ rebiopsy [€ Inconclusive Conclusive, but
no hepatocellular
carcinoma

Villanueva A. N Engl J Med 2019



Advanced HCC (BCLC-C)

Immune-based therapies (atezolizumab-bevacizumab)

100+
9{]_
804 Atezolizumab—bevacizumab Atezo + Bev Sorafenib Atezo + Bev Sorafenib
704 {n=130) (n = 60) (n=128) {n = 59)
z Confirmed ORR, n (%) 32 (25) 4(7) 38 (30) 5(8)
& 60 ) overall (95% CI) (18, 33) 2, 16) (22, 38) (3,19)
T st AU ne- °ff§""3"‘5f Me‘i_'“" P"IE"" Syeral CR.n (%) 504) 0 16 (13) 0
N o. of Patients urvival urviva PR, n (%) 27 (21) 4(7) 22 (17) 5(8)
5 Sorafenih (%) (95%Cl)  at6Mo
a Difference in ORR (95% Cl), % 18.(7, 29) 21 (9, 33)
_ mo % SD. n (%) 59 (45) 25 (42) 52 (41) 24 (41)
20 Atezolizumab- 96/336 (28.6) NE 845 PD. 1 (%) 29 (22) 1932) 28(22) 1831)
104 s Bef‘fql:umb 65165 (394) 132 (104-NE) 722 DR, n (6F — i — P
-— ol /165 (354 BB2{104NE) 72 Ongoing response at data cutoff,n (%)¢ 29 (91) 3(75) 33(87) 3(60)
01 23 4567 83 1011213511516 1 Stratified hazard ratio for death, 0.58
Months (35% CI, 0.42-0.79)
P<0.001
No. at Risk <
Atezolizumab— 336 329 320 312 302 288 275 255 222 165 118 87 64 40 20 11 3 NE
bevacizumab

Sorafenib 165 157 143 132 127 118 105 94 86 60 45 33 24 16 7 3 1 NE

Finn RS et al. N Engl J Med 2020



Molecular correlates ]

of response and resistance

[

|

How anti-VEGF augments
antitumor activity of anti-PD-L1

|

Advanced HCC (BCLC-C)

Biomarkers of response (atezolizumab-bevacizumab)

Cohort 1

GO30140 phase 1b
group A

[ Atezo + Bev
ITT, 104, BEP, 90

GO30140 phase 1b
group F

Atezo + Bev
ITT, 60, BEP, 44

Atezo '
ITT, 59, BEP, 47 :

) » &
N

Cohort 2

IMbrave150
phase 3

[ Atezo + Bev J

ITT, 336, BEP, 119

Sorafenib
ITT, 165, BEP, 58

Clinical and preclinical validation

GO30140 phase 1b

+ Pre-versus post-
- treatment paired
/| biopsies, n=14 |

Mouse model
4% 7 MYC-lucOS;
) 2 CTNNB1

-10 -5 0 5 10
log (FC)
- Differential gene expression
- Gene set enrichment
- Cell type deconvolution

In situ analyses

- PD-L1 IHC
- CD8 IHC
- Multiplex IHC (CD31, MHC-I)

Genetic profiling

- Tumor mutation burden
- Neoantigen load
- Mutations (CTNNB1, TERT)

Survial analyses

Probabllity of survival
g

o
o

5 10 15

- Pathway/immune signatures
- TMB, mutations

. -CD8T cell, vasculature density

Zhu AX, Nat Med 2022



Advanced HCC (BCLC-C)

Biomarkers of response (atezolizumab-bevacizumab)

_ Treg/Teff ratio
Treg/Teff high
101 HR =1 (0.59-1.8) 1.0 1
Z 08 - P=0.94 0.8 -
=
8 06 - 0.6
e
a 04 0.4
4
o 0.2 - H Atezo + Bev 02 -
Median 5.56: | Median 6.18 Sorafenib
D B I II - 1 T T 1 0 -
0 5 10 15 20 25
Time to event (months)
Atezo + Bev 55 31 13 8 6 1
Sorafenib 34 20 9 4 1
1.0 HR = 0.66 (0.31-1.4) 107
2 0.8+ P=0.29 0.8
S 061 0.6 -
'§_ 041 Sorafenib 04 4
8 02 : : Atezo + Bev 0.2
0. Median 15.45 Median 19.17 0 -
0 5 10 15 20 25
Time to event (months)
Atezo + Bev 55 46 35 31 23 3
Sorafenib 34 29 22 16 9 1

Treg/Teff low

HR = 0.42 (0.22-0.79)
P=0.007

Atezo + Bev
i 5 Sorafenib
Median 4.14 g Median 9.73
0 5 10 15 20 25
Time to event (months)
64 46 27 22 12
24 7 4 3 2
HR = 0.24 (0.11-0.54)
P =0.0008
Atezo + Bev
Median 8.65 Soralenib
5 10 15 20 25
Time to event (months)
64 62 54 43 33 8
24 19 10 8 5

Zhu AX, Nat Med 2022



Biomarkers of response to check-point inhibitors
Gene expression

INFAP signature Predictive performance

Overall survival

1515505 0 T O L Y Reesponise 3 Response 0
€ 1.00
[N ' HEEN BN ' NEEEEE | W Response.Type OR 8 p =0.039 INFAP 1.00 - -
[T O T O W [T [ Etiology 2 BNR 8075 B
B2M % 050 — Low : | 1
CTSS , Response.Typ § ) S 075-
CXCL9 CR 8_0.25 = High b |
[
oy " 5 : -
HLA DQAT N 0 10 20 30 40 50 £ 050-
- Time in months 2 Auc
nagggs ' PD o INFAP: 0.87
: ) Progression-free survival 2 IFN: 0.85
SEC24A Etiology ) 9 = 025- Inflamatory sig: 0.82
STAT1 2Bl ey £1.00 p=0037  |NFap POPLAR: 0.76
TRIM25 8075 Cytolytic Act: 0.67
) T LT I Fap signature [l W HCV 050 — Low 0.00 7 ———l1
Cainfected s ) 000 025 050 075 100
Uninfected 8.0'25 = High False positive fraction
o
2 0.00

0 10 20 30 40
Time in months

Haber P et al. Gastroenterology 2022



HCC immune classes

Immune subtypes

L Inflamed hot tumors

Noninflamed tumors

v

Immune class ~30%

Immune intermediatei

Active immune ~20%

i

Molecular pathways
and gene signatures

structures, macrophages,
PD-1 signaling

Best change in tumor diameter (%)

f T cells, cytotoxic cells, TIL

] Activated
IilFN;{GZMB, Pmﬂ L clivate

Signatures of
response to
immunotherapy b

Chromosomal
aberrations
and mutations

[ ‘Chromosomal aberrations

Immunohistology

TIL structures

i Immune cell infiltration
T PD-1/PD-L1 positive

5

Response to
immunotherapy

Responders to immune check
inhibitors

CCR Translations

Progression-free survivel (%) 0O

Biomarkers of response to CPI
CTNNB1 mutations (WNT signaling)

Immune landscape in HCC

Immunotherapy (n=27)

M Progressive disease

80 | Stable disease
Partial response

[ Complete response

e LILTLLELEEPEEEEEEEEEEEEE ]

o QERERERNRRRRRRNNRRRRNRRNNEN +
gl LLELLLLLLLLEEE LT R
Gl LU R

W Missense mutation M Inframe mutation M Amplification
M Truncating mutation M Promoter mutation

Cc

= WNT unaltered 100 = WNT unaltered
= WNT altered = WNT altered

=
1=

75 75

50 50

25 25

0 P <0.0001

0 5 10 15 20 25 o 10 20 30 40
Menths on 1O Months on Sorafenib

Sia D, Gastroenterology 2017 | Pinyol, CCR 2019 | Harding, CCR 2018



Mutational Landscape in Advanced HCC Controls
1 | inl Il 01 m 2 I B EEm
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4% | L] -
3% I=
3% [ LN
3% | |
3% | |
3% | |
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1% [ |
1%
1% i
Alterations HBV HCV Alcohol NASH Gender BCLC
W Promoter mutation yes yes [ yes yes early .
m Mutation no no no no mF intermediate
Mutation (VUS) advanced

Mutation profiling of advanced HCC
Ultra-deep sequencing of ctDNA (n=85)

m Insertion/Deletion
mﬁertlon/DeIetlon (VUS)

HBV
HCV
Alcohol
NASH
Gender
BCLC
TERT
TP53
CTNNB1
PTEN
ARID2
AXINT
KMT2D
TSC2
KEAP1
ZNRF3
MACF1
ARID1A
ATM
JAK1
RB1
RPS6KA3
NFE2L2
ARID1B
TSC1
USP34
CDKN2A

CTNNB1 mutations does not predict

100

Progression-free
survival (%)

[34] =~

=] o

%]
[4)]

[==]

WNT=yes

lack of response to CPI

p=0.32
1
1
n
1
1
0 5 10 15 20 25
Months
Number at risk
26 8 5 3 2 1
6 1 1 1 0 0
0 5 10 15 20 25
Months

von Felden J, Oncogene 2021



VAF found in ctDNA [%)]
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Mutation profiling of advanced HCC

Molecular monitoring

Objective response
CR CR PD
| | |

l ‘

- Tumor burden

Systemic treatment

KMT2D 11%

4 KMT2D 9.8% KMT2D 10% TSC2 1%
ZNRF3 8% (2x)
TSC:ZU 3% KMT2D 0.9%
ZNRED 3 a2 KNT2D 0.6% KMT2D 0.9%
_KMT2D D 6% e TP53 0.6%

Detection threshold

— Patient7 — Patient8

Time

Experimental models of liquid biopsy

HepGZ-denved
tumor

woe -« type

FGA mutation
Huh7-
derived
tumor

Random-zahon when a
tumor reaches 200 mm’

Subcutaneous injection
of liver cancer cell lines
(Huh7 and HepG2)

oAmm-

Pllc.bo SOrnhnlb
(n=11) (n=12)
[ > ©
l @ § ® J
Sequential blood draws Plasma Tumor marker profiling (hLine) Mutational analysis (ddPCR)

10000

\/’VW_.,——:

von Felden J et al. Oncogene 2021 | Labgaa, Hepatol Commun 2021



Liquid biopsy industry ecosystem
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Liquid biopsy regulatory landscape

Use of Circulating
Tumor DNA for Early-
Stage Solid Tumor Drug

Development
Guidance for Industry



Take home messages

Performance of early detection tools is suboptimal

Treatment decisions for systemic therapies are not based on prediction of

response

Liquid biopsy has emerged as promising and convenient tool for biomarker

development in HCC — Early detection and prediction of treatment response

Molecular monitoring (‘real time tracking of molecular alterations in HCC’) will

improve early detection and treatment allocation in HCC



Liver Transplantation for Hepatocellular Carcinoma
‘ ILCA and Intrahepatic Cholangiocarcinoma
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