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DCD/machine perfusion

DCD and machine perfusion

Category Description Circumstances

Type I Dead on arrival (nrreversible cardiac Uncontrolled
arrest on the street)

Type I  Unsuccesstul resuscitation (includes  Uncontrolled
patients brought into the emergency
room while being resuscitated by the
ambulance crew)

Type IIl  Immnent cardiac arrest in intensive  Controlled
care (ventilator switch-off)

Type IV Cardiac arrest during or after the Controlled
brain death diagnostic procedure

Type V. Unexpected cardiac arrest in intensive Uncontrolled

carc




IDCD/machine perfusion

DCD —Maastricht 3 protocole National (sans ECMO-R)
(Un centre ne peut exiger d'un autre centre le recourt a 'ECMO)
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IDCD/machine perfusion

« DCD donors now represent 27% of the donors in
Switzerland
« Atincreased risk of delayed graft function
(=20-30% without machine perfusion)
« Atincreased risk of ischemic cholangiopathy
(=30% without machine perfusion)

swisstransplant.org
Guarrera et al. AJT 2015



IDCD/machine perfusion

Donor:
- Age < 70 years,
- BMI < 25-30
- Functional warm ischemia: < 30 min
- No chronic liver disease (steatosis < 20%)
- AST/ALT< 4N et/ou profil +++
- Heparine +++
- CIT < 8h +++

Recipient:

Age <66 years

First transplant,

No major co-morbidity or prior surgery
MELD < 25



IDCD/machine perfusion

Machine perfusion

« HOPE: Hypothermic Oxygenated
PErfusion

 NMP: Normothermic Machine
Perfusion

 NRP: Normothermic Regional
Perfusion (ECMO in donor)



IDCD/machine perfusion
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DCD/machine perfusion

Hypothermic machine perfusion in human

IVC effluent cannula

Standard donors
Perfusion after static
preservation

Dual (arterial and portal)
perfusion

Non-oxygenated perfusate
20 liver grafts

Guarrera et al. AJT 2010



DCD/machine perfusion

Hypothermic machine perfusion in human
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DCD/machine perfusion

Hypothermic machine perfusion in human
(marginal donors)

Machine Cold

Effluent ~ .T-»“mp"f«"um»pffiﬂ. perfusion  storage p-Value
Cannulae & / Number of patients 31 30
Py : Primary nonfunction 1(3%) 2(7%) 0.612
Early allograft dysfunction 6 (19%) 9 (30%) 0.384
Postoperative complications
HAT 1(3%) 2(7%) 0.612
PVT 2 (6%) 0 0.492
Biliary complications 4 (13%) 13 (43%) 0.001
Bile leak 1(3%) 3 (10%) 0.3%4
Biliary stricture 3(10%) 10(33%) 0.031
Reoperation for bleeding 2 (6%) 7 (23%) 0.081
Acute kidney injury 3(10%) 8 (27%) 0.106
Incisional hernia 4 (13%) 5(17%) 0.732
Hospital length of stay (days) 13.6 + 10.9 20.1+11.1 0.001
One year survival 26/31 24/30 0.761

(83.8%) (80.0%)

Guarrera et al. AJT 2015



DCD/machine perfusion

HOPE In human

« DCD donors (n=8)

« Similar outcomes as
with standard donors

« Median follow-up: 8
months

Dutkowski et al. J Hepatol 2014



IDCD/machine perfusion

HOPE-treated DCD livers (n=25) vs.
cold-stored DCD livers (n=25)

- | peak ALT (1239 vs. 2065 U/L, p<0.02)

- | IH cholangiopathy (0 vs. 22%, p<0.015)

- | biliary complications (20 vs. 46%, p<0.042)

- | graft failure, retransplant (0 vs. 18%, p<0.05)
- 1 -year graft survival (90 vs. 69%, p<0.035)

Dutkowski et al. Ann Surg 2015



DCD/machine perfusion

Dual HOPE-treated DCD livers (n=10) vs.
cold-stored DCD livers (n=20)
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Normothermic machine perfusion

Recreate physiological environment

Deliver Provide
oxygen nutrients

- Allow normal metabolic activity

- Avoid ischemia-reperfusion

- Assess viability +++ Imber Cj, Am J Transpl 2002
St Peter SD, Br J Surg 2002

Reddy SP, Transplantation 2004

Physiological
temperature




IDCD/machine perfusion

Normothermic machine perfusion
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Testing the liver (>30g vs. <209)

Sutton et al. PLOS one 2014
Op den Dries et al. AJT 2013
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Normothermic machine perfusion of
standard livers vs. cold-storage
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IDCD/machine perfusion

Randomized clinical trial normothermic machine
perfusion of standard livers vs. cold-storage

Number of livers randomized

n=2335
Excluded n =1
»| (randomized in error: R&D not
in place)
Allocated to NMP P Allocated to SCS
n=170 < * n-164

i i

Included n =133

Included n =137

Excluded n = 33
« DCD did not proceed n =17
» Mon-consented recipientn =6

+ MNon-eligible donor organn =8
¢ Other reasonsn =2

Excluded n = 31
+« DCD did not procesd n =20
» MNon-consented recipientn=6

» Mon-eligible donor organn = 4
* Otherreasonsn =1

l l

Successfully transplanted n =121

Successfully transplanted n = 101
Discarded n = 16

Discarded n = 32

Nasralla et al. Nature 2018



IDCD/machine perfusion

Randomized clinical trial normothermic machine
perfusion of standard livers vs. cold-storage

- DCD and DBD donors

- 90% | peak ALT

- 50% | organ discard
-94% 1 preservation time

- Similar bile duct complications, and graft and patient survival

Nasralla et al. Nature 2018



IDCD/machine perfusion

JOURNAL OF
HEPATOLOGY

Research Article @ ‘BEASL Fihe

CrossMark

Warm vs. cold perfusion techniques to rescue rodent liver grafts

Andrea Schlegel, Philipp Kron, Rolf Graf, Philipp Dutkowski’, Pierre-Alain Clavien™'

Department of Surgery, University Hospital Zurich, Swiss HPB and Transplant Center, Zurich, Switzerland

Journal of Hepatology 2004 wol. 61 | 1267-1275

« Normothermic

« Normothermic

il TransMedics.

Liver AssistR




DCD/machine perfusion

Normothermic Regional Perfusion

- Less expensive
- Can be applied early



IDCD/machine perfusion

DCD —Maastricht 3 protocole National avec ECMO régionale

(Un centre ne peut exiger d'un autre centre le recourt @ 'ECMO)

Ischemie chaude fonctionnelle
Max 120 minutes

Ischemie froide
Max 18 hours
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IDCD/machine perfusion

Norm | '
othermic Regional Perfusion.{NRP)

© 2017 The American S )
and the American Society of Transplant Surg

American Journal of Transplantation 2017; 17: 2165-2172
doi: 10A1’|H/a)t.14214
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IDCD/machine perfusion

Normothermic Regional Perfusion (NRP):
UK DCD score

Risk DCD NRP [schaemic Primary non-

category transplants cholangiopathy function
Low risk 1 0 0
High risk 9 0 0
Futile 8 0 0

transplants

DCD, donation after circiiatenr.death; NRF, normothermic regional perfusion

16% 27%

Schlegel et al. J Hepatol 2018
Oniscu et al. J Hepatol 2018



IDCD/machine perfusion

Current strategy in Geneva

« DCD donor in Geneva
—>NRP (normothermic regional perfusion)
* Liver of a DCD donor offered to Geneva

—>Cold storage to Geneva followed by HOPE (hypothermic
oxygenated perfusion)
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Transplant oncology

* Primary liver cancer

Hepatocellular carcinoma

Intrahepatic cholangiocarcinoma

Combined hepatocellular-cholangiocarcinoma
Hepatic epithelioid hemangioendothelioma
Hepatoblastoma

* Bile duct cancer

Perihilar cholangiocarcinoma

» Secondary liver cancer

Colorectal liver metastases
Neuroendocrine tumor (NET) liver metastases

Hibi T, Surg Today 2017



ITx4Cancer

Transplantation for HCC

* Recipient charateristics
 Donor characteristics



ITx4Cancer

Transplantation for cancer: HCC

Criteria
t
S 10[}—; —F i I ]
S g i, il {
. P o
« HCC unique s5cm 3 . crtera 3| ]
Q
« <3 HCC =3 cm -
S 1 1 1
E P = 0.002 by the log-rank test
= 204
o
E D 1 1 1 1

1 1 I 1
0 6 12 18 24 30 36 42 48

Months after Transplantation

Mazzaferro et al. NEJM 1996



ITx4Cancer

e Milan (1 Hcc <5 cm; <3 HCCs <3 cm)

* Up-to-Seven (size + number <7)

e Total Tumor Volume (171v <115 cm?)
« ASAN (size <5 cm, number <6)

Morphology




ITx4Cancer

|CC biology

=== Doubling volume time
(3 months)
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ITx4Cancer

e Milan (1 Hcc <5 cm; <3 HCCs <3 cm)

>\ * Up-to-Seven (size + number <7)
8) e Total Tumor Volume (T1v <115 cm3)
6 « ASAN (size <5 cm, number <6)
c [
Q -
—
®
= * AFP
« DCP

* FDG uptake
* microvascular invasion
« HCC grade

Biology



ITx4Cancer

AFP model

Variables B coefficient Hazard ratio Points
Largest diameter, cm
=3 0 1 0
3-6 0.272 1.31 1
>6 1.347 3.84 4
Number of nodules
1-3 0 1 0
=4 0.696 2.01 2
AFP level, ng/mL
=100 0 1 0
100-1000 0.668 1.95 2
>1000 0.945 2.57 3
1004
;@ 80
3 P < .001
é 60
-
8 %
37.0 £ 8.99
40
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E T
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Pinero et al. Liver Int 2016
Notarpaolo et al. J Hepatol 2016
Duvoux et al. Gastroenterology 2012
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Total Tumor Volume /AFP

TTV <115 cm?
AFP <400 ng/ml

1.0
0.8 1
° i
2
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:g 0.4
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a =FIWithin Milan
0.2
P=0.34
0.0
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Time since transplant (months) TOSO et al HepatOIOgy 2015
Toso et al. Hepatology 2009
Toso et al. Liver Transplantation 2008
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Downstag N J patients outside transplant criteria

(\\.
O eQ\r&
T I T S
Bring to transplant Decrease drop-out Prevent recurrence

criteria

Toso et al. J. Hepatol 2010



ITx4Cancer

Downstaging: morphology

Inclusion criteria:
* single HCC <8 cm 100 k““n
* bifocal HCC <5 cm 80 --_'x""":'_'E:".'Z:'_'::::'----;-_-_-_.:__
« 3to 6 HCCs <4 cm, and T e—
maximum total diameter of 12 60
cm =
40 -

Downstaging sucess: 2
* within Milan criteria 0 | |
* AFP <400 ng/ml 0 12 24 36
° Stab|||ty f(_)r >3 months Survival after LT (months)

- C.C. - B.C.D.S.

N=88 N=32

Ravaioli et al. AJT 2008
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Downstaging : morphology

Inclusion criteria:
* NO restriction

Downstaging sucess:
« within TTV/AFP
estability for >3 months

Patients alive without recurrence

1 o
0.8
0.6
0.4
0.2

0.07

1 Always within Milan (n=177)
1Downstaged to Milan (n=80)

n=0.258

T
0

1 I 1 I I I I I T 1 I
360 720 1080 1440 1800 2160 2520 2880 3240 3600 3960
Survival since transplantation (months)

Toso et al. Transplant Int 2018
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Downstaging: biology

Listing AFP- last AFP
=X Yunder 400 ng/ml-under 400 ng/ml (n=1721)

1,0

- Voverd00 ng/ml-under 400 na/ml (n=86)

Proportion of patient surviving
o
[
I

o
o
|

| | | I I | I I | | | | | |
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168
Time since listing (months)

Merani et al. J. Hepatol 2011



ITx4Cancer

Waiting time should be

« Long enough to avoid transplanting patients with early
and agressive recurrences

« Not too long, in order to transplant (and save) patients
with more indolent recurrences

e > 3 months

p=0.08

Rate of post-transplant recurrence

Toso 2018

Toso et al. Transplant Int 2018
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Too early for transplantation?

Transplantable |

HCC

HCC after Downstaging or
Recurrent HCC < 2 years after
curative treaiment of any HCC

Partial Response still vital tumor
present after bridge therapy

Un-Treatable but transplantable HCC due
10 severe asciles, not captured by MELD

HCC >T1 at First presentation or Recurrent
HCC >2 years after curative treatment

Sustained complete response (No residual tumor)
after freatment of an NT (non-transplantable) HCC

Single vital HCC s2cm (T1)

No residual tumor after Loco-regional embolo-

therapies for a HCC

No residual tumor after Curative treatment of a HCC

Cillo et al. AJT 2015
Mazzaferro Hepatology 2016



ITx4Cancer

Key messages

HCC.:

* Historical criteria can be expended (one HCC <6 cm)

* Historical criteria should be refined (AFP < 400-1000 ng/ml)
« Downstaging works

« Some patients may be too early for transplantation
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Transplant oncology

* Primary liver cancer

Hepatocellular carcinoma

Intrahepatic cholangiocarcinoma

Combined hepatocellular-cholangiocarcinoma
Hepatic epithelioid hemangioendothelioma
Hepatoblastoma

* Bile duct cancer

Perihilar cholangiocarcinoma

» Secondary liver cancer

Colorectal liver metastases
Neuroendocrine tumor (NET) liver metastases

Hibi T, Surg Today 2017
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“Very early” intra-hepatic cholangiocarcinoma

Retrospective multi-centric Spanish study

29 transplantations for intra-hepatic cholangiocarcinoma

Risk of recurrence associated with:

— Size
— tumor volume

— microscopic vascular invasion
— poor degree of differentiation

Post-transplant cancer

recurrence

20
18
16
14
12
10

O N B O

Single lesion €2 cm  More advanced lesions

(n=8)

(n=20)

Sapisochin et al., AJT 2014
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“Very early” intra-hepatic cholangiocarcinoma

Cumulative Risk of Recurrence

15 “very early” (single lesion <2 cm)
33 more advanced
Risk of recurrence associated with:
— microscopic vascular invasion
— poor degree of differentiation
100
p=0.01
804
“Advanced”
od i iCCA group
R
204 7 - “Very early”
iCCA group
0 : T T T T
0 12 24 36 48 60

Months after Liver Transplant

100
| p=0.02
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v L
._I‘ e e it i | o L
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L
20
G ] 1 1 T
0 12 24 36 48 60

Months after Liver Transplant

Sapisochin et al., Hepatology 2016
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Key messages

Intrahepatic cholangiocarcinoma:
 Transplantation for very early lesions (single <2 cm)
 Avoid micro-vascular invasion and poor differentiation
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Transplant oncology

* Primary liver cancer

Hepatocellular carcinoma

Intrahepatic cholangiocarcinoma

Combined hepatocellular-cholangiocarcinoma
Hepatic epithelioid hemangioendothelioma
Hepatoblastoma

* Bile duct cancer

Perihilar cholangiocarcinoma

» Secondary liver cancer

Colorectal liver metastases
Neuroendocrine tumor (NET) liver metastases

Hibi T, Surg Today 2017
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Historical liver transplantation for CRLM
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Liver transplantation for CRLM

Things have changed

Improved chemotherapy

Improved transplantation
Immunosuppression better tailored for
oncological indications
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Liver transplantation for CRLM in Oslo

1-0 -
0=-5 -

0-5 -

Survival

N=21 patients

0=

0-2

0-0 T T T T T
] 1 2 3 4 5

Years

Mo. at risk 21 17 14 9 & 1

27 months median follow-up

Hagness et al. Ann Surg 2013
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Better than chemotherapy

1.0 -

0.8 1

0.6 1
P <0.001

Overall survival

0.4 - Nordic VI
(N =47)

0.2 4

UD 1 || 1

0 20 40 60
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Dueland et al. Ann Surg 2014
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Recurrence in almost
all patients (20/21)

Hagness et al. Ann Surg 2013
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Patient characteristics

Patients (number) 12
Median age (years, min-max) 56 (38-73)
Gender female:6/ male:6
Location of primary cancer (%)

colon 11 (92)

rectum 1(8)
Pathological staging of primary cancer (%)

TO* 1(8)

T2 1(8)

T3 8 (67)

T4 2 (17)
Node status of primary cancer (%)

NO 5(42)

N1 5 (42)

N2 2 (16)

* Lisbon, n=8
 Coimbra, n=2
* Paris, n=1

« Geneva, n=1

Toso et al. Liver transplantation 2017
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Peri-operative management

Median number of chemotherapy courses (min-max) 2 (0-4)
Pre-transplant neo-adjuvant chemotherapy (%) 11 (92)
Response to pre-transplant chemotherapy
partial response 10
stable diseases or progression 0
Median number of liver resections (min-max) 1 (0-3)

« Planned transplant in a long-term onco-surgical management, n=6
« Compassionate: up-front transplantations, n=2

« Compassionate: emergency transplantations, n=3

« Compassionate: IVC invasion discovered during transplant, n=1

Toso et al. Liver transplantation 2017
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08 wi*Disease-free survival
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5 patients alive and free of cancer 7, 43, 47, 48, and
108 months after transplantation

Toso et al. Liver transplantation 2017
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Key messages




The future of liver transplantation is
bright! ©
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