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Case # 1

TACE
> AFP 40
\ Within MC
A

* 61 M HCV cirrhosis
» Multiple lesions outside of UCSF criteria
* AFP 500

TACE
AFP 700
Progression of disease

A\ o Acceptable criteria for liver transplant?
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Case # 2

SBRT
AFP <20
Within MC
14 months

>

« 58 M ETOH cirrhosis
* Infiltrating HCC, no extrahepatic spread
« AFP 18,000

/A . Acceptable criteria for liver transplant?
Mount Recanati/Miller
Sinai  Transplantation Institute



Case # 3

\C

« 58 M NASH cirrhosis « Treatment with 10

* 2 x HCC within MC - Complete response for 1.5 years
* AFP 50, Y 90

* Recurrence 1 year later, 3 cm HCC TARE

A Acceptable criteria for liver transplant? Q(‘

-

he Liver
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ANNALS OF SURGERY
Vol. 202 October 1985 No. 4

Role of Liver Transplantation in Cancer Therapy

SMUNZABURD IWATSLMI, MD. ROSENT D GOMODON, MD., DYERS W. SMAW. = MD,
THOMAS £ STARZL,. MD, PuD

° 72 % Recurrence rate for HCC
0 Median 8 months RFS

Moratorium on liver transplantation for HCC
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Milan criteria
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A Months after Transplantation

PATIENTS AT RISK
48 45 40 32 27 21 17 9 5
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Mazzaferro et al. NEJM 1996

85%
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%’ s . 50%
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>
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20 - P = 0.01 by the log-rank test
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0O 6 12 18 24 30 36 42 48
A Months after Transplantation

PATIENTS AT RIS

Criteria met 35 34 31 24 20 16 13 6 3
Criterianotmet 13 13 1 8 6 6 4 4 3
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Liver Transplantation Criteria For Hepatocellular Carcinoma
Should Be Expanded

A 22-Year Experience With 467 Patients at UCLA

Jokn P. Duffy, MD, Andrew Vardanian, MD, Elizabeth Benjamin, MD, PhD, Melissa Watson, MD,
Douglas G. Farmer, MD, Rafik M. Ghobrial, MD, PRD, Gerald Lipshutz, MD, Hasan Yersiz, MD,
David 8. K. Lu, MD, Charles Lassman, MD, Myron J. Tong. MD, PhD, Jomathan R. Hiaty, MD,
and Ronald W. Bussaenil, MD, PhD
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Selection criteria

Morphometric criteria

Tumor biology

Waiting time
Response to bridge therapy
AFP
Sugawara et al 2007 78 <5HCC<5cm 70% at 3 yr
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Selection Criteria

Variables B coefficient Marard ratio Poins JAMAS | Original} _—
4 L - : . Dynamic a-Fetoprotein Response and Outcomes
3': gg‘;' ;:: : After Liver Transplant for Hepatocellular Carcinoma

Number of nodules Karim J. Halazun, MO: Russell E. Rosenblatt, MD, MS; Ned Mehta, MD; Quirino Lai, MD; Kaveh Hajfathallan, MD, PhD: Andre Gorgen, MD;

1-3 0 1 o Gagan Bear, MD; Kazunari Sasaki, MD; Maria B. Majella Doyle, MO Parissa Tabrizian, MD; Vatche G. Agopian, MD; Marc Najjar, MD;
=4 0.696 201 2 Tomemy vanics, MD; Benjamin Samstein, MD; Robert S. Brown Jr, MD, MPH; Jean C. Emond, MD: Francis Yao, MD: Jan Lerut, MD, PhD;
%100 ) 0 1 o Maria Hoppe-Lotichius, MD; Cristiano Quintini, MD; Federico Aucejo, MD; Wilkam Chapenan, MD; Gonzalo Sapsochin, MD
100-1000 0,668 195 2

3000 | 0.545 257 3 NYCA score Recurrence Risk 5-Year RFS
N 20%
0 0-2 Low Risk 90%
‘ 3-6 Acceptable Risk 70%
7 or More points High Risk 42%

> 85% MC out > low/acceptable risk

Mazzaferro et al, Gastroenterology 2018
\ Halazun et al, Annals of Surg 2018

O 05 1 15 2 25 3 35 & 45 5 55 6 65 7 75 8 85 9 95 10 Duvoux et al, Gastroenterology 2012
Number of tumor nodules summed to the size (in cm) of the largest nodule

/

AFP (ng/mt)
”“7“*7‘




Downstaging outcomes

10
p<0.001
Inclusion Criteria: T S
HCC exceeding UNOS T2 criteria but meeting one of the following: I ) ;“-:‘:—'Q'_‘\;—-I/(-?ft_ 61%
« Single lesion < 8 cm g 5 === ooumaged i | 52%
« 2 or 3 lesions each <5 cm with the sum of the largest tumor 0.012 9%
diameters < 8 cm o2
* 4 or 5 lesions each < 3 cm with the sum of the largest tumor 00
diameters s 8 cm ’ 1 ’ Y:ars a:ter Ll\jer Tr:nspla:ﬂ ) ' N
No vascular invasion = m M o o ow & o o
06
p<0.001
Successful downstaging - Residual tumor(s) within MC 0s | 47%
Downstaging failure - Progression of tumor(s) beyond MC g
—> Vascular invasion, extrahepatic disease % e — == Gotmmmge
T T S TR 20%

Minimum observation period of 3 months before LT

0.0
4] 1 2 3 4 5 6 7 8 9 10

Years after Liver Transplant

Mount Recana/ti/Miller Beyond Milan 113 84 Al 56 52 44 44 7 35

D:‘:\'.‘l\.\(:)g;l_:(l 330 270 235 200 167 126 -] 76 58 45 38

Sinai  Transplantation Institute Yao et al. Hepatology 2015 WithinMian 28 724 o e nm w7 e e s %




2 yr 0S: 95%, RR: 7.9%

Intention-to-Treat Outcomes

-~

Meets down-staging criteria (n=209)

HCC Recurrence
n=5 (7.9%)

medan 28 mosthe ;
POR 1348
{-__r_,
> Down-staged to Milan criteria
n=174 (83.3%)
-__--"ET-,_- P—
Awaiting LT [Drapeit net 95
n=71 10 liverftumor
factors n=15
Probability of LT at 3 years 1
46% Liver Transplant | o 17 moote
n=63 |___0om1027)
{30.1% of overall
A
Mount Recanati/Miller
Sinai  Transplantation Institute Mehta et al. Gastroenterology Nov 2021
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Meeting All-Comers Criteria (n=82)

\\.

po—

Awaltln; successful
down-staging n=4 / N\
(4.9%) V-

m—> criteria n=53 (64.6%) (30.5%)

Down-stae:;'to Mitan T e seminseanzs 1 EXCeeding UNOS DS

—_— - Any number
L e - Any S'Ze

Awaiting LT T ey vodion 1.3 Dropout after successfully |
L
1

'
|
n=19 mand el \ down-staged n=14

................... - Any diameter

Underwent liver transplant
n=20 (24.4% of overall

A corert) R ‘ q <

Mount Recanati/Miller Transplant
Sinai  Transplantation Institute Mehta et al. under review
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p < 00003
3 years was 69% for UNOS-DS vs. 58% for AC
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RTC downstaging

} o Prospective RCT, 9 centers Italy
f o Beyond MC
! No MVI no EHS
R CP A-B7 oo
e | Sorafenib b
Ty he umo 6@ e —— a0 Do w0 we w0

A
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5-year OS 77% vs 31%




LDLT-expanded criteria

Selection criteria

Tokyo (5-5 rule) 2007
Kyoto Criteria 2013

Asan Medical Center 2008
Kyushu Criteria 2009
Turkey 2012

Samsung

Toronto Criteria 2015
Medanta 2021

A
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/8
136
857

90

92
180
294
405

<5 nodules and £5cm
<10 nodules, all <5 cm and DCP =< 400 mAU/ml
Tumor diameter £ 5 cm, £ 6 lesions, no Mv invasion
Any # of tumors, < 5 cm in size, and DCP < 300
No EHD, no Mv PV invasion
< 7 tumors, diameter < 6 cm, AFP < 1000 ng/ml
Any size, any #, no Mv invasion, grade well-mod

No EHD, no Mv invasion, any size/number

S
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LDLT-expanded criteria

A

1] .

24 a8 2

0% (Monthe)

5-yr OS 64%
95-yr RFS 70%

Mount Recanati/Miller _
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Survivl Funcion

M In Milan

|

a

[

a
M Qutside é 0.4
Milan o

| A J L4 L 4 T Al

0 a4 au 2 Kl 120

® In UCSF

® Qutside
UCSF

Pre-LT AFP > 100 ng/mL
Tumor burden beyond UCSF
18F FDG PET avidity

Three factors predicted recurrence:

Bhangui et al. Liver Transplantation 2021




Macrovascular invasion?

Multicenter study, 11 centers
10 oo N=30
l +PVT (no PV4), OLT after CR
L & 5 year OS 60%

28 ettt Predictors of recurrence:
AFP >10 ng/ml at time of LT
Number of viable tumors
Presence of residual HCC
Satellite nodules
Beyond Milan Criteria

Cumulative survival

20 IF AFP was <10 ng/mi, HCC
0 2 0 75 1e s recurrence was 11% vs 50%

Follow-up time (months)

A

Mount Recanati/Miller
Sinai  Transplantation Institute Assalino et al. Transplant international 2020




LDLT-PVT-Downstaging

Overall Survival

100 4

=SS |

[o2% |
’—‘-
[sox |

p=0.79

o EH B

%] o
(s

&

DOWNSTAGED (excl. periop
deaths)

NO DOWNSTAGING (excl, peria
deaths)

12 4 36 48 60
Time in months
No. of patients exposed 1yr i 2 yrs \ 3yrs l dyrs
Downstaged patients (23) 15 8 4 2
No downstaging (20) 16 14 11 5
Mount Recanati/Miller _
Sinai  Transplantation Institute

Soin et al. Transplantation 2020

Recurrence-free Survival

100

p=035

—  DOWNSTAGED (excl. periop

deaths)
NO DOWNSTAGING (excl. periop
deaths)
12 24 36 48 60
Time in months
No. of patients exposed 1yr J 2yrs ! 3yrs ’ Syrs
Downstaged patients (23) 13 7 4 1
No downstaging (20) 12 10 8 4
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Dropout risk score

A

Mount
Sinai

Waitlist outcomes

Dropout risk score created in long wait areas

T

>

4! Lver-refated death
pou S .

MELD-Na score

Chid-Fuah seote

B

T — - L e R

@ g

Post-LT survival by fish 0000 in short wall areas

\ e

Liver transplant (LT) «

Recanati/Miller .
Transplantation Institute

OIS o gt

Short wail areas:
Only highest dropout nsk pls
have poor post-LT survival

. - -
T e e e

Mehta et al, J Hep 2021

™4

Tt moqesia s i wap et

Cumulative incidence of waitlist
dropout by nsk score (quarties)

P o001
SLRLS LR AL L
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Example of potential US MELD
exception pokcy refinement

Proposed MELD

S0 OBON Mo G mO wai

MMAT-S
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No MELD excepbion
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Recurrence!

1.0 %0
e P<0.001
~,

<0.
0.9 S 0.9 - P<0.001
\
b
08 ‘\ oo 08
e 81.1%
0.7 ~ 0.7
-
*a
R 0.6 ~ S 06
- S -t
© e ©
2 05 No recurrence o g 2 05 m— Early recurrence
c == Recufrence il c == === | ate recurrence
3 V= =
) 0.4 i ) 0.4
Ve - 221 0/
03 > 03 il -1 70
32% ——
0.2 0.2
°
0.1 0.1 5.4%
0.0 00
0 12 24 36 48 60 0 12 24 36 48 60
Months after liver transplant Months after liver transplant
No recurrence 2778 2459 2259 2050 1774 1449 Early recurrence 175 68 21 12 7 S
Recurrence 459 395 308 pry) 172 13 Late recurrence 283 184 110 68 48 38
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Predictors of Early Post - LT HCC Recurrence (n = 175)

Variable HR (95% CI) P - Value Score
Number of initial tumors > 3 1.39 (0.77 - 2.53) 0.279 0
Maximum initial tumor size

<3cm Reference -

3-6cm 1.53 (1.10 - 2.12) 0.012 2
>6cm 3.79 (2.28 - 6.30) < 0.001 4
Pre-LTNLR>5 1.64 (1.15 - 2.35) 0.007 2
3 or more pre - LT LRT 2.20 (1.36 - 3.58) 0.002 2
AFP at LT

< 20, always < 20 Reference -

< 20, maximum > 20 1.41 (0.75 - 2.64) 0.286 0
> 20, > 75% decrease from maximum AFP 2.23 (0.91 - 5.48) 0.079 0
> 20, 25 - 75% decrease from maximum AFP 2.72 (1.45-5.11) 0.002 3
> 20, < 25% decrease from maximum AFP 4.48 (3.19 - 6.30) < 0.001 4

Recanati/Miller .
Transplantation Institute

Tabrizian et al, ILCA 2020
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= 0.6 S —
_ ' Risk Score
© High
g 057 e Low
S — = e | ow-medium
n 04" o == Medium-high
0.3
02
0.1
0.0
0 12 24 36 48 60
Months after liver transplant
Recurrence Risk Stratification Score
Score Risk of Recurrence Probability of 1-year Recurrence 5-year Survival
0 Low risk 1.80% 80%
m 2-4 Low-medium risk 5.40% 74%
5-8 Medium-high risk 12.20% 60%
> 8

Mount Recanati/Miller . High risk 44.90% t
Sinai  Transplantation Institute um
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Upper limits in tumor burden?

104
Lesions + Larges!

g Tumor Diameter

g

.-

(o]

&

2

2

4

Q.
m Time since LRT (months)
Mount Recanati/Miller

Mehta et al, Hepatology 2019
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Pathologic response - Wait time

Overall Survival 1o
100 |
§ ” LWTR
T 60 : o] e
z 3 .
g 40 : . A
? 504 =+ No cPR (n=2637) - SWTR
- cPR (n=802) |
0 _
0 12 24 36 48 60
Months after LT 0]
m U | P;St Tr’ans;lam;urv’lval (‘lYear‘s) y ,
Mount Recanati/Miller DiNorcia et al. Hepatology 2020 q

Sinai  Transplantation Institute Halazun et al. Hepatology 2014



HCC HCC

within Milan beyond Milan
Criteria Down-staging Criteria

Response to LRT
Alpha-fetoprotein
Other biomarkers

18F-FDG-PET scan

Liver Transplant

Explant Tumor Size/
Number/Differentiation

Alpha-fetoprotein

Microvascular Invasion

A
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Therapeutic landscape of advanced HCC

B Durvabumab - tremebmumab © Nvolumab - ipilimamab
= Pembrolizumab - lenvatinib 5 HLXI0 - HLX04
B Lerwatind ¥ Cameeli puerab - apatinib I Perpubmab - anlotinib
¥ Toripabmab - lorvatinib
¥ Toripabmab - bevacirumab
NSCT-NOA-SCTS10
U Aterolizumad - lerwatiny/soralersh

B Socalennls B Pembrolirumab ¥ Tialebrumab

B Regorafervd ® Cabozantind o Sintilimab - 181305
B Nivolumaty B Ramucitumaby T Atezol ramab - cabozantinih

8 Approved frst-line therapies B Atezolizumab - bevacizumat  Nofazinhimab - lerwatinib
B Approved second-line therapies B Nivolumab - iplhemymab ¥ Sintilimab - 181310

5 Thecapies in phase W trials for hirst-Bne treatment = Donalenid

B Therapies in phase Il trials for second-line treatment ¥ Apatinib

A

Mount Recanati/Miller
Sinai Transplantation Institute  Yang et al. Nature Reviews Gastroenterology and Hepatology 2022




Transplantation

su

=

Mount Recanati/Miller
Sinai  Transplantation Institute Mazzaferro et al. Liver Transplant 2018



Solid organ transplant recipients treated with ICI

Gende Immune- ) CES Graft Pathology of Treatment of Outcome of

20
14

53
41

o7

Sinai

Mount Recanati/Miller ; Transpiant

Doses Overall outcome

r suppression after LT outcome graft rejection cancer

M Sirolimus 3 Nivo 2  Lossof Cellular/AB mediated oy icone IVIG N/A Death after 5 weeks
function rejection

M Tacrolimus 3 Nivo, 1 LOSS. of Cellular/ '.A‘B m ediated Prednisone N/A Death after 4 weeks
function rejection

F Everolimus 3 Nivo, 1 fla(:]sc?ig:l Cellular Steroids Progression Death after 4 weeks

M Tacrolimus 1 Nivo, 15 No rejection N/A N/A Progression Death > 7 mo

M Tacrolimus 4 Pembro No rejection N/A N/A Rad'OIO.g'C Alive at 10 mo

x10 resolution

n =29, 14/29 kidney, 11/29 liver, 3/29 heart, 1 cornea
Graft loss/acute rejection: 45%

Transplantation Institute Gassmann et al. Transplantation direct 2018 ook



Immunotherapy and liver transplant

e i . . . American Journal of
PD-1 inhibitor as b 2

* Heterogeneous
» Case series/reports
Nom3 . |C| type and washout period

N°5 . Lack of biopsy e
> 90 % maj ° Immunosuppression -
3-yr 75%

PR R - —y - v
- 1 2 3
m Yoars afler dagnosis

Mount Recanati/Miller
Sinai  Transplantation Institute Tabrizian et al. AJT 2020




Future directions

* Future directions?

Treatment arms Endpoint Adjuvant

Neoadjuvant pre LT

PLENTY202001 NCT04425226 Phase 2 Pembro/Len RFS No 192
NCT05185505  Phase 2 Atezo/Bev Feasibility No 24
Yo rejection
NCT05027425 Phase 2 Durva/Tremi 30d rejection rate No 30
NCT04443322 NA Durva/Len PFS/RFS No 20

A =
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Gene expression signature

Training set
O rreEnce Ass0Ciaton with overall survival
P AGemens
e - VA peled e VA reduted e
- .00,
- - m
°o an. —
- | e B
NanoStrvng o Overasl coton
1 aNSCNPtom i - _— . (rawing * valdaton)
analysis (200 genes) & ° = 0.00063
DU -
~ d % B H & & &
e T
- e e
Q e
o : P . DR DR B B B
Valsdation set 20 02 ©4 0% 03 WO
O 89 FFPE MCC Speototy
beopaes
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Liquid biopsy in HCC

col-free ONA Yagments
CrOfate 0 JAewna' sesam avd
other BodyTusds
 MAAON O DNA maTrylaton
profing

- gt 0us assay (0 g Dy
Deopidet ICH)

- WQeEed gerw garwl (NGS)
lera 10 durdrads of gones

> prefened end coondiranes

» COPYy Munled vanamors

A
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Sinai Transplantation Institute Von Felden et al, Git 2020
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Where do we stand?

* Moving away from “size and number” criteria
« Patient selection/Personalization

» Understanding tumor biology:
« Tumor differentiation
» Heterogeneity of tumor growth
» Boundaries of vascular invasion and DS therapies
* Prognostic biomarkers (dynamic changes)
 Other surrogates in predicting outcomes (e.g machine learning)

» Role and safety of ICI as bridge therapy
 Controlled clinical trial

A
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