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Immunotherapy for HCC and
Emerging Treatments



Early 2017: Barcelona Clinic Liver Cancer

(BCLC)Staging and Treatment Strategy?!:?

v v v v v

Very early stage (0) Early stage (A) Intermediate Advanced stage (C)
Single <2 cm Single or 3 nodules stage (B) Portal invasion, Terminal stage (D)
Carcinoma in situ <3cm Multinodular, Extrahepatic spread, Childi Pugh C
Childi Pugh A, Childi Pugh A-B, Childi Pugh A-B, Childi Pugh A-B, PS 3-4
PS O PS O PS O PS 1-2

v

Candidate for liver 3 nodules
transplantation O 3 ¢

Portal pressure;
bilirubin

Associated
(o [IEES v v v

Increased

. Best Supportive
P ;N 5 TACE Sorafenib? Care
Resection Liver transplantation Ablation

RCTs (50%); 3-yr survival: Symptomatic (20%);

10% to 40% survival <3 mo

5-yr survival: 60% to 80%

1. Bruix J et al. Gastroenterology. 2016;150:835-853. 2. Llovet JM et al. N Engl J Med. 2008;359:378-390.




Rationale for Immunotherapy in HCC

A HCC is a classical inflammation-induced
tumor type

A Spontaneous immune responses are
frequently observed

A Independent of liver function (no metabolism)
A Can be combined with ablative therapies

Slide credit: clinicaloptions.com.



http://www.clinicaloptions.com/oncology

Immunotherapy Strategies in HCC

Immune suppressive cells
elimination or inhibition

Death CTL mediated w
Adoptive cell therapy  receptors |tumor cell killing
NK cells, LAK cells, NKT cells, R 58

a" 5 o / @ @

Actlvatlon D4’/ Enhanced immune
cDs’ T cells cell activation
Cytoldnes
mRNA .‘K 1‘1 interleukines, Immune checkpoint blockade
Peptide chemokines Anti-CTLA-4
Tumor lysates e Anti-PD1 Y'Y
Immunotherapy DNA °%®

Aerts, et al. WJB. 2016. 22:253-261.



Immune-Based Approaches in HCC

Oncolytic
virus

Tumor
ablation

Antibody

1@% ) |
Antibody . @@ 0’ Elimination of

/ suppressor cells
CTL mediated lysis

cell
death
Cancer . (ij Foxp3+ Treg
vaccines T-cell activation «
and priming MDSC

/

Enhanced

T-cell function IL-10, TGF-b

Dendritic Peptides -ce\ '\
cells Cytokines activation Blockade of

Checkpoint immunosuppressive
Cytokines (GM- blockade :
CSF, IL-2, IFN-9, cytokines
etc)

O]
Greten TF, et al. Clin Cancer Res. 2013;19:6678-6685.
Slide credit: clinicaloptions.com.
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Immune Checkpoint Inhibitors

PRACTICE AID

PeerView EMU

Systemic Therapy in  Advanced HCC Oncology

A Guide to Status and T reatment Principles

m Immune Checkpoint Inhibitors

Indication/Status
*
240 mg every 2 wk or
480 mg every 4 wk I

200 mg every 3 wk . .
(dose studied in phase 2 trial) As in other cancer settings,

Nivolumab?°
Second-line setting following
treatment with sorafenib
Approved

based on accelerated approval and
single-arm Phase 2 studies

Pembrolizumab®
Second-line setting following
treatment with sorafenib

Approved . .
based on accelerated approval and multiple explorations of
single-arm Phase 2 studies checkpoint inhibitors in HCC,

including immune combinations

10mg/kg IV every other wk or as treatments, are underway:
(dose studied in phase 1/2 trial)

Durvalumab??

HCC (Child-Pugh class A)
Phase 3

A Dual checkpoint block
(anti-PD-1/L1 + anti-CTLA-4)

Atezolizumab + bevacizumab 3 Atezo 1,200 mg IV every 3 wk or

First-line treatment of advanced 840 mg every 2 wk and bev 15 mg/kg IV : ; o
o motastatio HCG vy Bk ar 10 il eveny 2 vk A Combi na fTKlsandswithwi t h

i 15
Breakthrough therapy designation (dose studied in phase 1 trial) loserenerel IreEp);



Ipilumimab
(anti CTLA 4)

Ribas. NEJM. 2012.

Priming phase Effector phase

i

Peripheral
» node tissue
™

ﬁendriticcel ) (Tcelil ’ Q ’ 3 J
4 ’ - ‘ : x

I

'/ B7 CD23
- ESwesT GEavE
"

Figure 1. Blockade of PD-1 or CTLA-4 Signaling in Tumor Immunotherapy.

Anti-PD1
Nivolumab (BMS)
Pemrbrolizumab (Merck)

Anti-PDL1
BMS 936559



Phase I/ll CheckMate 040:

Nivolumab in Advanced HCC

Dose Expansion (n = 214) Dose Expansion
3 mg/k
- PD-Ll:.< 1%D o 1lNA
Sorafenib untreated or intolerant 1001
Without (n = 56)
viral S
hepatitis Sorafenib progressor = 907
(n =57) 2<
g2
g2 0-
infected (n = 50) ==
S 50 A
8
HBV HBV infected S PD-L1<1% PD-L1 O 1%
infected -100- ORR, n/N (%) 17/99 (17.2)  8/25(32.0)
Pts
O

El-Khoueiry AB, et al. Lancet. 2017;389:2492-2502.
Slide credit: clinicaloptions.com.
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CheckMate 040 Study:

Nivolumab in Advanced HCC

Dose escalation (n=48) Dose expansion (n=214)
3+3 design 3 mg/kg

n=10 n=10 n=13
1.0 mg/kg 3.0 mg/kg 10 mg/kg
(n=3) (n=3) (n=13)

1.0 mg/kg 3.0 mg/kg

Sorafenib untreated or intolerant
(n=56)

0.3 mg/kg
QES)

n=6
WlthOUt 0.1 mg/kg
viral _
i (n=1)
hepatitis

HCV 0.3 mg/kg
infected (n=3)

Sorafenib progressor
(n=57)

HCV infected
(n=50)

(n=4) (n=3)

HBV 0.1 mg/kg 0.3 mg/kg | | 1.0 mg/kg 3.0 mg/kg HBYV infected
infected (n=5) (n=3) (n=3) (n=4) (n=51)

El Kouheiry. The Lancet. 2017. DOI: (10.1016/S0140-6736(17)31046-2).



Nivolumab in Advanced HCC

100 4

Best Reduction from Baseline in Target Lesion (%)

| |
Sorafenib untreated or Sorafenib progressor HCV infected
intolerant without without viral hepatitis
viral hepatitis

Patients

El Kouheiry. The Lancet. 2017. DOI: (10.1016/S0140-6736(17)31046-2).

HBYV infected

RR (dose esc, n=48): 15%
RR (dose exp, n=214): 20%

mOS (dose esc, n=48): 15 mos
mOS (dose exp, n=214): NR
FDA Label: 14.8 % RR BICR
(n=154)

Median DoR: 16.6 mos



Nivolumab -040 Study:

Response and PD-1L-1 Expression

Best Change in Target Lesion From Baseline
Tumor-cell PD-L1 Expression

Sorafenib Naive Sorafenib Experienced Sorafenib Experienced
ESC + EXP ESC EXP

PD-L1* 'PD-L1' PD-L1* [PD-L1" SSED PD-L1* ' PD-L1' UTD

ORR, n/N 3/11 11/56 2/13 ORR, n/N 5/26 ORR, n/N
(%) @) | @o | @5 %) 219(22)| (19) | 9200) (%)

13/102
(13)

7125 (28) 1/18 (6)

i

o© NO RO 00 ®° o
=

: =
o© NO hO 00 ®° o
o NO hO 00 ©° o

A

Best change from baseline in target
lesion, %

Patients Patients Patients

Tumor response assessed by BICR using RECIST v1.1; plots include patients who were evaluable for tumor response and had at least one post-baseline target lesion
assessment (sorafenib naive, n = 72; sorafenib experienced (ESC), n = 32; and sorafenib experienced (EXP), n =135). PD-L1*, O 1% tumor <ce-L1; s e x|
PD-L1", < 1% tumor cells expressing PD-L1; UTD, unable to determine PD-L1 expression. * Percent change truncated to 100%.

Crocenzi, et al. ASCO. 2017.



Nivolumab in Advanced HCC

0-1 ma'kg (n=6) 0-3 mg'kg (n=9) 1 mg'kg (n=10) 3 ma'kg (n=10) 10 mg'kg (n=13) All patients (n=48)
Anygrade Graded4 Anygrade Graded4 Anygrade Grade3/4 Anygrade Graded/d Anygrade Grade3/4 Anygrade Grade 34
Treatment-related seriousAEs  1(1/%)*  1(1/%)}* 11%xF  1(11%=) i ] 0 0 1 8% ] 3 [ 2 (4%)
AEs leading todiscontinuation 0 1] 1kl 1{1l=}i 0 0 11019 1101 1 (3= 1 (8= 3 (6] (0%}
Treatment-related deaths 0 L] L] 0 0 ] 0 0 0 ] 0 1]
Fatientswith a 4(67%)  2(33w) B(80w) 3(3%) BiBow)  S(50%)  59(90%) 220%)  11(8%%) 0 40(83%) 12 (25%)
treatment-related AE
Treatment-related AEs™
Rash 1(17%) L] 2(22%) 0 2 [20m) ] 2 (20%) 0 431%) ] 11(23%) 0O
Pruritus 1(33%) 1] 3(33%) 0 o ] 1{10%) 0 3(23%) ] 9[19%) ©
Diarrhoea 0 o 3(33%) 0 i o 1{10%) 0 1(8%) ] Cilox) O
Decreased appetite 117%) o (11w 1] 1(10%) ] 0 0 1(8%) ] Cilox) O
Fatigue 1{17%}) 1(17%) 2(11w) 1] 1(10%) ] 0 0 0 ] 4 (%) 1(2%)
Asthenia 0 L] 1(11%) 0 i ] 1{10%) 0 1(8%) ] 3 (6] 0
Waight decreased 0 L] 1{11%) 0 0 ] 0 0 2 (15%) ] 3(6%) 1]
Mausea 0 L] 1(11%) 0 i ] 1{10%) 0 1{8%) ] 3 [ 0
Dry mouth 0 L] 1(11%) 0 1(10%) ] 0 0 1(8%) ] 3 (6] 0
Laboratory treatment-related AEs**
AST increase 0 1] 2(22%) 2 (%) 3 (30%) 2(20m%) 1(10%) 1(10%) 431%) 0 10(21%) G (10%)
ALT increasa 0 L] 2(22%) 2{2%) 1(10%) ] 2(20%:) 1(10%) 2 (15%) ] 715%) 3{6%)
Lipase increase 1(17%) 1(17%) 1(11%) 0 440m) 4 (40%) 2(20%:) 1(10%) 2 (15%) ] 10(21%) 6 (13%)
Amiylase increase 1(17%) 1] L] 0 4 (40%) 110} 2 (20%:) 1(10%) 2{15%) ] 9119%) 2 (4w}
Anaemia 0 L] 1(11%) 0 1(10%) 1 10k) 0 0 2(15%) ] 4 i8%) 1(2%)
Hypoalbuminaemia 0 L] 1{11%) 0 110y O 0 0 1{83%) ] 3(6%) V]
Hyponatraemia 0 L] L] 0 2 (20m) ] 0 0 1i8%) ] 3% 1]
Data are n (%). Ab-adverse event AST-aspartate aminotransferase. ALT-alanine aminotransferase. *Pemphigoid (n=1). fAdrenal insufficiency (n=1). lver disorder (n=1). SMalignant necplasm progression
{ri=1). iGrade 3 ALT increass {n= 1}, grade 2 AST increasa. ||Grade 3 blood balinebin inorease (n=1). = Trezstmentrelated AEs reported in: 5% of all patients, any grade.
Table 3: Safety and tolerability of nivolumab in the dose-escalation phase

El Kouheiry. The Lancet. 2017. DOI: (10.1016/S0140-6736(17)31046-2).



Nivolumab: Dosage and Administration

A Received accelerated approval by the FDA on
September 22, 2017, for pts with HCC
previously treated with sorafenib!t!

I Regardless of PD-L1 expression status

A Recommended dose: 240 mg Q2W IV over
60 mins

A Continued approval contingent upon validation
In confirmatory trials

1. Nivolumab [package insert]. 2017.
Slide credit: clinicaloptions.com.
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Study Design i KN224/KN240:

Pembrolizumab in Second Line HCC

KN224: Phase Il Early look

Open [N Pembro 200 mg Safety &
label q3w Efficacy

15t 20 patients

) Final ORR

(100 pts)

KN240: Phase Il Early look

Pembro 200 mg
Q3W (272) I
) i ¢
Placebo / BSC
Q3W (136 pts)

231 PFS events 270 OS events




Study Design: KEYNOTE 224

AKey eligibility criteria
1018 vy
Pathologically confirmed HCC Pembrolizumab

Progression on or intolerance to 200 mg Q3W
sorafenib treatment for 2y or until PD,

Child Pugh class A intolerable toxicity,
ECOG PS 0-1 withdrawal of consent

or investigator decision
BCLC Stage C or B disease
Predicted life expectancy >3 mo

A Response assessed Q9W

A Primary endpoint: ORR (RECIST v1.1,
central review)

A Secondary endpoint: DOR, DCR, PFS,
OS, and safety and tolerability

Zhu AX, Finn RS, Cattan S. ASCO GI. 2018.



Anti-tumor activity

Total N=104

Response? 95% CI¥
n (%)

ORR (CR+PR) 17 (16.3) 9.8 - 24.9
Disease control (CR+PR+SD) 64 (61.5) 51.5-70.9
CR 1(1.0) 0.0-5.2
PR 16 (15.4) 9.1- 23.8
SD 47 (45.2) 35.4 - 55.3
PD 34 (32.7) 23.8-42.6
No Assessment” 6 (5.8) 2.1-12.1

AConfirmed responses by c e #Bageddn bimomial exachcorgidence iRdvalimstiod. ¥Subjetts who had a baseline
assessment by investigator review or central radiology but no post-baseline assessment on the data cutoff date including discontinuing or death before
the first post-baseline scan. Data cutoff date: Aug 24, 2017.

Zhu AX, Finn RS, Cattan S. ASCO GlI. 2018.



Maximum Percentage Changes from

Baseline in Target Lesions

HITTTT T .
"’.'1III[_ 111
Il

Study cohort (N=104) Uninfected (N=57) HCV infected (N=26) HBYV infected (N=21)

Percent change from baseline

A Based on RESIST v1.1 by central radiology review in
patients who had both pre- and post-treatment image
measurements. Dotted line is threshold for response.
Data cutoff date: Aug 24, 2017.

Zhu AX, Finn RS, Cattan S. ASCO GI. 2018.



Treatment-related Adverse Events

Total N=104
Adverse eventsA n (%)
Ol1 event 76 (73.1)
Grades 3-5 26 (25.0)
Led to discontinuation 7 (6.7)
Led to death 1 (1.0)
Occurredin01 0% of (pllgtades)nt s 22 (21.2)
Fatigue 13 (12.5)
Aspartate aminotransferase increased 10 (9.6)
Diarrhea 10 (9.6)
Pruritus 22 (21.2)
Immune-mediated 3(2.9)
Viral flare 0 (0)
ADetermined toebatedebymenvestigator. ySponsor assessed. Data cutoff

Zhu AX, Finn RS, Cattan S. ASCO Gl. 2018.



|dentification of a Therapeutic Strategy Targeting Amplified

FGF19 in Liver Cancer by Oncogenomic Screening

Table 1. Tumor-Promoting Genes Identified by the Oncogenomic cDNA Screen

Tumor-Promoting Chromosomal Focal Amplicon Gain BMNA/DNA Average Tumor
Genes Location® Frequency® Frequency®  Comelation®  Biochemical Function(s)® Volume'
FNDC3B% 3g26.31 3% 19% 0.14 Unknown 059 £0.16
IRF4 6p25.3 6% 37% 0.21 Transcription factor 0.14 = 0.04
cuc1 Bp21.33 3% 31% 0.29 Chloride channel 0.30 = 0.11
POLR1C® 6p21.1 6% 32% 0.40 RBRMA Pol | and lll subunit 0.15 = 0.03
MET 7g931.2 3% 23% 0.40 Receptor tyrosine kinase 1.09 £+ 023
ZCCHCT? 9p13.2 2% 9% 0.09 Unknown 0.72 +0.13
MRPL419 9g34.3 5% 10% 0.46 Mitochondrial ibosomal protein 0.85 £0.19
MRPS2% 9g34.3 5% 10% 0.53 Mitochondrial ibosomal protein 013 = 0.02
PMPCA® 9g34.3 5% 10% 0.50 Mitochondrial peptidase 123 £0.10
RHOD?® 11g13.1 5% 12% 0.53 Rho GTPase 0.76 £+ 018
ccse 11q13.1 5% 12% 0.33 Copper chaperone 0.67 + 0.061
CCND1 11g13.3 14% 20% 0.65 Activates CDK4/6 and ER 0.98 +0.33
11g13.3 14% 20% 0.68 Ligand for FGFR4 053 +0.23
CDK4 12g14.1 3% 13% 0.25 Cell cycle serine kinase 243 £0.78
TSPAN319 129141 3% 13% 0.05 Unknown 0.71+025
HCK 20g11.21 2% 34% 0.22 Src-like tyrosine kinase 1.70 £ 0.16
POFUT1% 20g11.21 2% 34% 0.27 Glycosyltransferase 0.78 £ 0.24

PiMz2 Xp11.23 3% 17% -0.10 Serine-threonine kinase 0.96 = 0.41

. -~ f — —~

- o o o Famoana

Eric T. Sawey,! Maia Chanrion,* Chunlin Cai,® Guanming Wu,? Jianping Zhang,* Lars Zender,! Alice Zhao,® Ronald W. Busulttil,* Herman Yee,® Lincoln
Stein,12 Dorothy M. French,® Richard S. Finn,® Scott W. Lowe,>" and Scott Powers,". Cell Press. DOI 10.1016/j.ccr.2011.01.040.

1Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 11724, USA.

2Ontario Institute for Cancer Research, Toronto, Ontario M5G 0A3, Canada

3Department of Medicine

4Department of Surgery, Geffen School of Medicine, University of California, Los Angeles, Los Angeles, CA 90095, USA

5Department of Pathology, New York University School of Medicine, Bellevue Hospital Center, New York, NY 10016, USA

6Department of Pathology, Genentech Incorporated, South San Francisco, CA 94080, USA

*Correspondence: lowe@cshl.edu(S.W.L.) powers@cshl.edu(S.P.)



FISH: CCND1 Amplicon

JHH 7amplified JHHZ normal

CCND1, ORAOV], FGF19,
LOC100129779 FGF4, FGF3

Finn RS. AACR. 2012.



Targeting FGFR4/ FGF19

Drug Biomarker(s) Setting

BLU-554 NCT02508467

H3B-6527 1 FGF19 :

JNJ-42756493 1/2a FGF19 NCT02421185 1st or 2" line

FGF401 1/2 FGFR4/ kothob NCT02325739 1st or 2" line




IHC-positivity Enriches for Radiographic Tumor

Reduction and Response

FGF19 IHC -/Unknown

A ORR 0 %
A PFsS 2.1

=
o
o

]

pldr RECI

mont hs

~N ® ©
o & o
11 1

N WA o
© 6 o o o
L1 1 1 1

10—

(1.8 i

ST
5

Best Response n (%)

PR: CR 0; 0
) 15 (52)
PD 14 (48)

-40 —
-50 —
-60 —
-70 =
-80 =
-90 —

-100 —

Maximum Reduction — sum of diameter change from baseline, %

* 4 confirmed PR; 1 PR/1 CR, unconfirmed.
Data are preliminary as of data cut off: 18 August 2017.

— sum of diameter change from ba.}geline, %

Maximum Reduction

60 —

FGF19 IHC +

A ORR 6/38 = 16%
A PFS 3.7 months
AActivity against FISH- and FISH+

(6-311% ¢

6 (2.8 i

Ol

cl)

Best Response n (%)

PR; CR 5 (13)*: 1 (3)
) 20 (53)
PD 12 (32)

-100 ~

CR, complete response; ORR, overall response rate; PFS, progression-free survival.

Kim R, et al. ESMO. 2017.
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Tyrosine Kinase Inhibitors

PRACTICE AID

Systemic Therapy in  Advanced HCC

A Guide to Status and T reatment Principles

Agent
Indication/Status

Sorafenib*
First-line treatment of
unresectable HCC
Approved

Lenvatinib?
First-line treatment of
unresectable HCC
Approved

Regorafenib®
Second-line setting following
treatment with sorafenib
Approved

Cabozantinib*®
Second-line setting following

treatment with sorafenib
Approved

Ramucirumab®
Evidence in second-line setting
following treatment with sorafenib
for advanced HCC
Phase 3

TKIs / Targeted Agents @

400 mg 2x/d w/o food; treatment

interruption and/or dose reduction

for possible AEs: 400 mg 1x/d or
400 mg every other d

12 mg 1x/d for
or 8 mg 1x/d for p
modification may be needed for patients
with renal or hepatic impairment

160 mg orally;
3 wk on, 1 wk off (4-wk cycle)

60 mg/d (dose studied
in phase 2 and 3 trials)

8 mg/kg IV every other wk
(dose studied in phase 3 trial)

PeerView

Oncology

Future Directions

The approval of TKI therapy in
HCC has fueled additional research
into the use of targeted agents
in combination strategies or in
settings other than advanced
HCC; several examples are
provided below.

Ei MLI

Mk g b b

A Multiple combination

locoregional therapy (Y-90, SBRT,
TACE, or others)?

A Combinations with

checkpoint inhibitors®

A Other
being explored®

mm

nexkKisgrealser at i on




Phase |l SHARP Trial: Study Design

A 10 endpoints: OS, time to symptomatic progression (FHSI8-TSP)
A 20 endpoints: Time to progression, disease control rate, safety

Eligibility Criteria
HCC verified by histology

Child-Pugh class A Sorafenib (n=299)
ECOG PS 0-2
No prior systemic anticancer treatment

Prior hormonal therapy allowed

Prior surgical or locoregional treatments allowed

Measurable disease

Stratification

Macroscopic vascular invasion and/or
extrahepatic spread

ECOG PS
Geographical region

Placebo (n=303)

Randomization

A Treatment continued until radiographic and symptomatic progression or any adverse event
requiring withdrawal

Treatment cycle defined as 6 weeks

ECOG PS=Eastern Cooperative Oncology Group performance status.
Llovet JM, et al. NEJM. 2008.



Phase Ill SHARP Trial:

Overall Survival (Intent-to-Treat Population)

1.00 -
— Sorafenib
Median: 46.3 weeks (10.7 months)
> 077 (95% Cl, 40.9-57.9)
= — Placebo
o Median: 34.4 weeks (7.9 months)
o (95% Cl, 29.4-39.4)
o 0.50 -
©
>
2
& 0.5 - Hazard ratio (Nex/Pbo): 0.69
' (95% Cl, 0.55-0.87)
P=0.00058*
O n n n n n n n n n | |
0 8 16 24 32 40 48 56 64 72 80

. . Time (weeks)
Patients at risk

Sorafenib: 299 274 241 205 161 108 67 38 12
Placebo: 303 276 224 179 126 78 a7 25 7 2

* O 0 B-Flemeng threshold for statistical significance was P=0.0077.
Cl=confidence interval; Nex/Pbo=sorafenib/placebo.
Llovet JM, et al. Presented at: 2007 ASCO Annual Meeting. Junel-5, 2007. Chicago, IL. NEJM. 2008.



Phase Ill SHARP Trial:

Time to Tumor Progression (Independent Review)

1.00

E = Sorafenib

9 Median: 24.0 weeks (5.5 months)
S 0757 (95% Cl, 18.0-30.0)

E — Placebo

o Median: 12.3 weeks (2.8 months)
o (95% ClI, 11.7-17.1)

L 050+

c

@)

‘»

0

o

S 0257

o Hazard ratio (Nex/Pbo): 0.58

(95% Cl, 0.45-0.74)

P=0.000007
0 6 12 18 24 30 36 42 48 54
Time (weeks)
Patients at risk
Sorafenib: 299 196 126 80 50 28 14 8 2
Placebo: 303 192 101 57 31 12 8 2 1

Llovet JM, et al. Presented at: 2007 ASCO Annual Meeting. Junel-5, 2007. Chicago, IL. NEJM. 2008.






