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“Curing” Metastatic Disease Heaith System

Without treatment, 5-year survival of CLM =
With chemotherapy, 5 year survival of CLM =
Combination of surgery and chemotherapy=

Multiple predictive factors of disease :

R1

Synch vs Met

Primary Nodal Disease
Number of Metastasis

Multiple clinical scoring systems:
Fong Criteria

Nordlinger Criteria

Nagashima Criteria

Konopke Criteria

5 %

25-40%

58%

Colorectal cancer metastatic to lymph
nodes;

Disease-free interval from the
primary to discovery of the liver
metastases <12 months; '

Number of tumors in the liver >1; L_“\:.C__
Pre-operative CEA level >200 ng/m; 21 I e

Size of the largest liver tumor >5 ¢m.
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Nordlinger et al Lancet 2008
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Clinicopath to
guide systemic?

Improvement in systemic therapy AND operative
strategies have increased RESECTABILITY with a modest
effect on SURVIVABILITY
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Quality Nodal status
CRS

Clinicopath to
guide systemic?
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Biology is King.
Selection of cases is Queen.

Surgical procedures are princes and
princesses of the realm who try to
overthrow the King and Queen

Blake Cady MD
(RIP: 15th July 2023)
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' n=24
\ . :
w 1983-94  -2000

&

Technically successful
Lack of modern chemotherapy agent and complete understanding of CRC

Failure of adoption
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ELTR 100 | L Olo Score
90 | il Maximal Tumor diameter > 5,5 cm
N n=58 80 | | Pre transplant CEA > 80 g/l
. ) Mihlbacher et al. SECA | SECAI | ' Progression on chemotherapy
\ y | n=24 n=21 n=15 ' | Time interval: diagnosis to tx < 2 yrs

70

60 | bbb ‘

50 | X ' Summary score 0-4 |
. M 40 |

30

-t | e k-

w 1983-94 -2

l

0|

SECA 1 . e L Years o d—y : 'vﬂ'v-dhrsn 4
Single Centre (Oslo) n=21 - Voars
Inclusion: Primary resection, 6 weeks chemo, liver only TABLE 1_inchuson-exchuion Citera SECAN Study

Inchesion Criseria

1,3,5 y survival of 95,68,60% e oy ey e AR

No sapms of eatra heputic metastatic discase or local recurrence acconding 10 CT or MR (thorau/abdomen/pelvis) scan within 4 wis before the faculey
meeting at the transplant unit

Survival (%)

Numter of facton 01
n

Sureval

H t I A S 201 3 No sagas of Jocal recurrence judged by coloaoscopy/CT colography within 12 mo befoee the faculty mecting ot the transplant unit

agneSS e a n n U rg Good performance status, BCOG 0 o |
Satisfactory blood tests Hb > 10 gL, newtropisles > 1.0 (after any GACSF), TRC 75, Bilireben <2 x wpper normal kevel, ASAT, ALAT <5 x upper
normal level. Creatimine < 1.25 x upper normal level. Altwmmin above lower sormal Jevel

OS I O SCO re Standard surgical resection provedure of prisary temor with adeguate resection mangins, including circemferential resection mangsns (CRM) of m least

»2mm for rectal cancer paticets
Signed informed consent and expected cooperation of the paticats for the treatment and follow wp must be obtained and documented according 10 GCP,
and nationallocal regulations
Relapse of Bver motastases aftor second liver resection or liver metastanes not eligitile for curative liver resection
Recerved fina-fine treatment
. Before wan of chemotherapy. 1o lossom should be larger than 10cm, If more than 30 lesions all should be Jows than 5 cm and the patients should bave a
. least 307 resposse by RECIST-criterta.
Al least 105 resposse (RECIST-criieria) on chemotherapy. Paticats mest be accepted for trassplantation before progressive discase on onpoing
. chemotherapy
Slngle Centre (OSIO) n: 1 5 Patients with Jess than 10% sesponse on chemotherapy may be inchaded if they obtain at least 20% response afler TACE (DEB-IRD) or by *Yospheres.
At least |.year time span from CRC diagnosis and date ¢ lhnng hsu\io-\mcnm\uuuuqlu
Exclusion Criteria

1,3,5 year survival of 100, 83, 83% o e e
Other malignancics
Know hyperscmsativity to rapamycms

Price extra hepatic metastatic discase or Socal relapee
Dueland et al Ann Surg 2020 Patients who have sot received sandand preoperative, per-operative, of postoperative treatment for the peimary CRC
Palliative resection of primary CRC temnor
Women who are pregnast oc beeast feeding
Any reason why. in the opimion of the investigator, the patient should not participete
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ELTR
- n=58 LIVERT(W)OHEAL SECA 1l
(/> Milhlbacher et al. SECA| SECAIl  Toronto
n=24 n=21 n=15 (LDLT)
o
w 1983-94 -2 2023 2026 2027
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Large number of recruiting trials in CLM Tranpslant
Varied inclusion/exclusion criteria

Varied donor grafts (ECD/ DDLT/ LDLT)

NCT number Country Study name Patients Completion Study Phase Study arms Primary Time frame
(n) Design outcome (years)
NCT03494946 Norway SECA Il [56) 30 2027 RCCTY ]| Chemotherapy® vs. LT 0Ss 2
NCT02215889 Norway RAPID ~ [60) 20 2028 cY n Single Arm* 0S 5
NCT03488953 Germany LIVERT(W)OHEAL 40 2023 CcT NA Single Arm** 0S 3
37]
NCT02597348 France TRANSMET [61] 90 2027 RCCT n chemotherapy + LT vs., 0S 5
chemotherapy alone

NCTO02864485 Canada Toronto™** [G2] 20 2023 Cct NA Single Arm~~% OS/OFS 5
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Liver transplantation for non-resectable colorectal liver *®

metastases: the International Hepato-Pancreato-Biliary
Association consensus guidelines

Gdenn K Bonney, Clare Alexandro Chew: Peter Lodge, joleen Hubbard, Kanim | Halazun, Pave Trunecka, Poodo Mutesan, Dariss F Mirza, John koo
Rihard W Laing, Sheidhar Canpath et Cheng Ean Chee, Wi Peng Yong Mark Dhinesh Muthialy, Falvirio Panaro, Jsan Senabria, Axed Grothey

Leymanthn Moodiey. Jan Chow, Albert C Y Chan Cheh ChiWang, Krshng Menon, Gonealo Saptsachin. Morten Hagness, Svein Dudfand
Pdl-Dog Line, Rene Adam

Aim :
1. Standardise nomenclature
2. Principles of selection, investigations, management

Bonney et al. Lancet Gastroenterol Hepatol 2021
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Modified Delphi Process
Scientific Committee, Expert Panel, Transplant Centre Representatives
Scoping Literature review in specific domains

Nov 2020- Jan 2021
Final voting with at least 70% for consensus (14t March 2021)

Bonney et al. Lancet Gastroenterol Hepatol 2021
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Rene Adam Glenn Bonney Pal-Dag Line Svein Dueland Joleen Hubbard Chee Cheng Ean Darius Mirza Karim Halazun Pavel Trunecka
Surgeon Surgeon Surgeon Oncologist Oncologist Oncologist Surgeon Surgeon Hepatologist
Paul Brousse National University University of University of Mayo Clinic, USA National University Birmingham, UK Weill Cornell, IKEM, Czech
France Hospital, Singapore Oslo, Norway Oslo, Norway Hospital, Singapore USA Republic
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|_|>j Fabrizio Panaro Juan Sanabria Paolo Muiesan lan Chau Peter Lodge Axel Grothey Keymanthri Moodley
Surgeon Surgeon Surgeon Oncologist Surgeon Oncologist Bioethicist
Monpellier Case Western Birmingham, UK Royal Marsden, UK Leeds, UK West Cancer Stellenbosch University
France USA Centre, USA South Africa
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O o John Isaac Albert Chan Gonzalo Sapisochin Morten Hagness Shridhar lyer Yong Wei Peng Chih Chi Wang Krishna Menon
% $ Surgeon Surgeon Surgeon Surgeon Surgeon Oncologist Surgeon Surgeon
c = Birmingham, UK University of University of University of Oslo National University National University  Kaoshsiung Chang Kings College
Q Hong Kon . . .
© o g Kong Toronto, Canada Norway Hospital Hospital Gung Memorial London, UK
= o Singapore Singapore Hospital, Taiwan




Results

1. Definitions

2. Treatment algorithm
Patient Selection
Evaluation of biological behaviour
Graft selection and allocation
Recipient Considerations
Outcome
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Bonney et al. Lancet Gastroenterol Hepatol 2021
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Clinico-pathological criteria
N2 primary; a relative contra indication. Less in late metachronous
Primary Patho: Signet / Undifferentiated excluded
Secondary: May include recurrence post resection
MRI liver and PET
18F-FDG PET: MTV >70cm3 or TLG >260 g *
Intraoperative nodal sampling



The Prognostic Value of pre-Tx 18F-FDG -PET
« Metabolic tumor volume (MTV):

e [he lesion volume with uptake > 40% of
maximal standardized uptake volume
(SUV s

« Calculated for all lesions and summarized

« MTV > 70cc predicts worse outcome
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Molecular studies

BRAF/ RAS/ MSI/ MMR: BRAF V600E exclusion, RAS (relative), MMR/
MSI (immuno)

Importants of research samples in prospective studies



BRAF V600E potentially determines “Oncological A)

Resectability” for “Technically Resectable” colorectal liver » \ o SRS, 18 et &
| e ' B >

metastases o8 ]\

Shin Kobayashi' © | Shinichiro Takahashi' | Shogo Nomura® | Motohiro Kojima®® |
Masashi Kudo' © | Motokazu Sugimoto' | Masaru Konishi' | Naoto Gotohda' |

Hiroya Taniguchi’ | Takayuki Yoshino® 4
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S

Bridging Chemotherapy to Transplant
Must have at least 6 months of standard systemic treatment
Observed for 1 year from initial diagnosis of NRCLM

CEA levels 2-3 months

>80 and uptrending contraindicated #

Radiological evaluation by RECIST and Chun criteria
PD excluded. SD reassess with Chun criteria

Importance of sequencing primary/ chemo and transplant
Importance and constituents of MDT

#- Hagness M et al Ann Surg 2013



Evaluation of biological behaviour
(Highlights)

Extrahepatic
metastatic disease

Eal

Il

Yes

\4

Palliative
therapy

Patient selection

Fulfils
molecular
criteria? *

\4

, Synchronous
disease

Yes

Metachronou

|
NUHS "

National University
Health System

Evaluation of
biological behaviour

No
Response

Asymptomatic ]——>[

Chemotherapy
(3 months)

]7{ Palliative therapy J

Response

\4

Symptomatic ]—{

Resection of
primary tumour

Primary tumour
pathology

)

A

Palliative
therapy

Bonney et al

transplantation

=| therapy to

At least
6 months

I
I
I
I
|
A 4

—

ridging

No
Response

[ Palliative therapy J

Response

A4

\4

[ e J

. Lancet Gastroenterol Hepatol 2021
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Graft selection and allocation National Univeisiiy
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(Highlights)
Types of graft
National agreement. Dependent on waitlist, centre outcomes, organ
availability

ECD/ NMP / NRP may be considered in centres with experience

LDLT in centres that achieve international benchmark in donor/
recipient outcome

Preferably within prospective trial at least a registry
Donor morphology within standard criteria for centre



Living donor hepatectomy in medium volume liver
transplant centre has comparable outcomes to high
volume centres: validation of donabedian quality
assurance framework

Marcus Wei Xuan Yeow', Ning Q. Pang™, Glenn K. Bonney”~, Krishnakumar Madhavan®~,
Wei Chieh Alfred Kow™” & Shridhar Ganpathi lyer”*

Table 2 Comparing our centre’s cutcomes with benchmark study and other donor reports

Parameters Our Centre Benchmark study
Outcomes Benchmark Outcomes determined
at 75¢h percentile of study
outcomes”

Follow up period Within hospetsl stay/ Within hoapital stay/After
Alter 3 montha/Afer 6 3 montha/Alter 6 months

months

Length of hosptal  Mean 592 5D. 21 Mean 117 2SD. 53
stay (days)

Overall Compication 3953948 26 .22
Rate (%)

Major Compication 0517615 6o%182
Rate (%)

Minor Compication 3.4/7.883 18V22.60226
Rate (%)

Medan 209209209 279032 6327
Compmhanaive
Compication
ndex

NA: Not Avaslable.

Yeow et al HPB 2021.

40.1

9

R2

University of Ege
Toronto, University, Incia™
Turkey™
Mecian 39 NA NA
months OR,
12-72)
Medan 6 10OR. Mean 9.4 Modian 6 NA
6-7 range
5-22)
23 a1 203
89 33 33
1232 386 260
NA NA NA



Evaluation of Adult Living Donor Liver Transplantation in Largest
Southeast Asian Transplantation Center: Benchmarking With

Adult-to-Adult Living Donor Liver Transplantation (A2ALL) Experience

Marcus Yeow”, Ning-Qi Pang”“, Zhaojin Chen®, Priscilla Wee®, Glenn Kunnath Bonney“*,
Krishnakumar Madhavan”, Wei Chieh Alfred Kow", and Shridhar Ganpathi lyer”“*

Canter  Paberts  (0-day mortalty AOR (95% C1) P vk
natyTes ni%)
HV! "2 10(62) —_— 1650050, 538) 0 &0
HV2 156 426) —_— 0.73 (018, 3009 0684
65 231) 1060018 610 0082
HV4 Lr e 3@24) —ee—— 076 (015, 349) orzo
% 128 100 011, 944) oeer
Vi "4 e —— 075018 348) or
V7 26 139 L7012, 11.04) o089
Hva 10 By 222064, 772) 0208
MV ” 3(94) e —— ] A (0.55, 12.04) 0228
MV 97 i —— 08t 018 369) 0T
Y &5 5(56) Rel "o -4 ; .
transplant center and 90-day mor-
T T talty adjusted for donor age
oret 1 120
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and Moded for End-stage Liver Dis-

MV - msedium vobume, HV - high vobame, MELD - model for end-stage liver discase, AOR - adjusted 0886 score 230 by multivariable

odds ratio, CI -~ confidence inserval

logistic regression (n = 1015).

Yeow et al Transplantation Proceedings 2021.
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MV — medium volume, HV ~ high volume, MELD ~ model for end-stage liver discase, HOC -
hepatocellular carcinoma, HCV ~ hepatitis C virus, SE - standard error, AHR - adjusted hazard ratio,

C1 « confidence interval
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Minimise CNI exposure

Induction- IL-2 antagonist + CNI + Antiproliferative
Maintenance- MTOR inhibitor replaces CNI

Chemotherapy for recurrence . Immunosuppression must be modified
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(Highlights)

Transplantation in NRCLM should aim for 5- year survival of more
then 50% . Survival must be better then palliative chemotherapy

All patients undergoing transplantation for NRCLM should be
entered into a clinical trial or prospective international registry



First site of recurrence; transplant versus resection

Liver
Transplantation ' * Hepateciomy'
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‘ 0% Liver Onh L)
Lymer bg v 7]
NOJOS 14% P , e - Per toneum
- -~
::._Xl _ A p" Y -———
~ = -2 )M ./ /, Colon
-J" ..
— - ’-‘
ey
. —_
"L "

Butie. J M ol 3l Recurmence A% Partial Mepateciomy for Metastaic Colorectyl Cancer: Polentally Curative Role of Savage Regeat Resecion. Arnais of Surgical
Oncology 22, 276102771 (201%)
Hagnosa, M. of & Liver ranspiasiation for sosresociabio ver motasiases from colorecisl concer. Ann. Surg 257, 800808 (2013)
Hagness M Foss A, Egge. 1. 5. & Dueiand, 5. Pamems of recumence after iver ransplantasion o nonvesectabio iver metastases from colorectal cancer. Arn. Surg
Oncol 21, 1031329 04
Dustand, S of &l Survvil FOlown g Liver ansplasiason ior Fationts WIth Norvesectatie Liver-only Colorecial Metasiases Arv. Surg. (O
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Growth rates of pulmonary metastases after liver
transplantation for unresectable colorectal liver metastases

M Gont"™ 0S8 Solbery™ . | Soentad’ ML T Bovhomm ™™, TS Egpe™. 5. G Larwer’,
P D L™ and 5. Dacland’

Br J Surg 2047
Lung metastasis growth rate in
SECA group compared with
patients with rectal cancer and
lung metastases only

8 WA gvae

Multi-site recurrence is associate with inferior survival

About 60-70 % of the relapses are pulmonary metastases

The majority of the pulmonary metastases are resectable

40-50% of lung metastases might be staging failures
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JAMA Surgery | Original Investigation Health System
Long-Term Survival, Prognostic Factors, and Selection of Patients 6l sk
With Colorectal Cancer for Liver Transplant | “\,\
A Nonrandomized Controlled Trial \1
Svein Dueland, MD, PhD: Tor Magnus Smedman, MD. PhD; Trygve Syversveen, MD, PhD; Harald Grut. MD, PhD:; g ’ -
Morten Hagness. MD, PhD: P3l-Dag Line. MD, PhD T @ \ T 40 ;\
Dueland et al JAMA Surg July 2023 —»QH*%LI
2006-2020. 61 patients underwent LT for TxCLM _
Median DFS and OS= 12 and 50 months
Single centre study
E: Oslo score ii FCRS

Long term survival that included participants in i . 1 .
SECA 1, SECA 2 and RAPID studies i i
$ o R FCRS 0-2
E Oslo score 0-2 g
. % 40 T 40
No adjuvant chemo Z g
i "‘A Oslo score 3-4 i
Follow up = 16-165 months o E e n % W UL AR
No. atrisk N:é;: g-szk 19 18 13 9 4 3 3 0
Oslo score 0-2 48 40 29 18 9 6 4 0 FCRS 3-5 41 29 18 10 5 3 1 0
Oslo score 3-4 12 7

When Oslo score=0 or Fong CRS= 1,
10y = 0OS 89% and 80%



No. of Estimated 5-y
Very good prognosis after LT patients survival

Fong scoring system
100%

Metachronous disease (more than 12 mo from 5
diagnosis of the primary tumor to detection of

liver metastases) * Colorectal cancer metastatic to lymph
Time from diagnosis to LT >3 y 9 100% nodes:

Oslo score 0 10 88.9% * Disease-free interval from the

Fong Clinical Risk Score 1 5 100% primary to discovery of the liver

Good prognosis after liver transplant metastases <12 months;

PET-MTV value <70 cm? 40 66.7% *  Number of tumors in the liver >1;
Ocloscorel 27 54.79% * Pre-operative CEA level >200 ng/ml;
Fong Clinical Risk Score 2 16 63.9% *  Size of the largest liver tumor >5 cm,
Tumor Burden score, group 2 (score of 3-9) 25 72.3%

Maximal Tumor diameter > 5,5 cm
Potential cure in patients with stage 4 CLM ._Pre transblant CEA > 80 ugﬂ '

at the cost of immunosuppression long
term

y-— —

Progression on chemotherapy

Time interval: diagnosis to tx < 2 yrs
Potentially resectable patients OR may do Summary score 0-4

well with long term systemic treatment

-
1
BE
1




Early Circulating Tumor DNA Dynamics Predict Neoadjuvant
Therapy Response and Recurrence in Colorectal Liver
Metastases: A Prospective Study

Xiang-Yu Wang, MD, PhD', Rui Zhang, MD', Jia-Hao Han, MD', Shi-Qing Chen, PhD?,
Fei-Long Zhao, PhD?, Hui Chen, PhD?, Jing Lin, MD', Jie Fan, MD, PhD’, Wen-Wei Zhu, MD, PhD’,
Lu Lu, MD, PhD', and Jin-Hong Chen, MD, PhD'

34 patients undergoing NAT
ctDNA collected at time points in treatment
Dynamic mean variant allele mutation changes were calculated

100% of patients had somatic mutations in ctDNA

80 - P <0.0001
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Only independent predictor of tumour
response was early dynamic change of
ctDNA

ctDNA VAF (%)

Pre-NAT On-treatment
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Wang et al Ann Surg Onc Aug 2023



Sample collection and analysis NUHS‘.

NUS Centre for Cancer Research National Umversﬂ;y
Yong Loo Lin School of Medicine Health System

W ooy
of Singapore

L, National University
Cancer Institute
Singapore

miRNA/exosomes

miRNA/exosomes

scRNAseq Microbiome

Spatial transcriptomics

d

Microbiome
miRNA/exosomes

SCALPEL

SURGICAL PROTEOMICS LAB

Courtesy: Dr Nigel Tan
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In well selected patients liver transplantation can potentially provide cure in CLM
Early recurrence remains a concern suggesting our selection can be improved
Questions remain:

Should potentially resectable patients (disappearing mets) be transplanted?

Are very good biology patients best served with transplant or continue expectant management?

At present criteria in selection is based on morphological (radiological response to chemo) and some
phenotype criteria (CEA, mutation etc)

Future studies in molecular markers (genomic, transcriptomic, metabolomic, microbiome) can predict tumour

behaviour which will inform transplant and resection decision making.

g.bonney@nus.edu.sg
L 4 @gbonneysurg



“Coming together in the beginning
Staying together is progress
Working together is success”

- Henry Ford

g.bonney@nus.edu.sg
W @gbonneysug




