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• DCD donors now represent 27% of the donors in 

Switzerland

• At increased risk of delayed graft function

(≈20-30% without machine perfusion)

• At increased risk of ischemic cholangiopathy

(≈30% without machine perfusion)

DCD/machine perfusion

swisstransplant.org

Guarrera et al. AJT 2015



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 

DCD/machine perfusion



Machine perfusion

DCD/machine perfusion

• HOPE: Hypothermic Oxygenated 

PErfusion 

• NMP: Normothermic Machine 

Perfusion

• NRP: Normothermic Regional 

Perfusion (ECMO in donor)



HOPE

DCD/machine perfusion



DCD/machine perfusion

Guarrera et al. AJT 2010

Hypothermic machine perfusion in human

• Standard donors

• Perfusion after static 

preservation

• Dual (arterial and portal) 

perfusion

• Non-oxygenated perfusate

• 20 liver grafts



DCD/machine perfusion

Guarrera et al. AJT 2010

Hypothermic machine perfusion in human



DCD/machine perfusion

Guarrera et al. AJT 2015

Hypothermic machine perfusion in human 

(marginal donors)



DCD/machine perfusion

Dutkowski et al. J Hepatol 2014

HOPE in human

• DCD donors (n=8)

• Similar outcomes as 

with standard donors

• Median follow-up: 8 

months



DCD/machine perfusion

Dutkowski et al. Ann Surg 2015

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) 



DCD/machine perfusion

Van Rijn et al. BJS 2017

Dual HOPE-treated DCD livers (n=10) vs. 

cold-stored DCD livers (n=20) 



Normothermic machine perfusion

DCD/machine perfusion

Deliver 

oxygen
Physiological

temperature

Provide 

nutrients

 Allow normal metabolic activity

 Avoid ischemia-reperfusion

 Assess viability +++

Recreate physiological environment

Imber Cj, Am J Transpl 2002  

St Peter SD, Br J Surg 2002 

Reddy SP, Transplantation 2004 



Normothermic machine perfusion

DCD/machine perfusion

Sutton et al. PLOS one 2014

Op den Dries et al. AJT 2013 

Testing the liver (>30g vs. <20g)



DCD/machine perfusion

Bral et al. AJT 2016

Selzner et al. Liver Transplant 2016

Ravikumar et al. AJT 2016 

Normothermic machine perfusion of 

standard livers vs. cold-storage



DCD/machine perfusion

Nasralla et al. Nature 2018

Randomized clinical trial normothermic machine 

perfusion of standard livers vs. cold-storage



DCD/machine perfusion

Nasralla et al. Nature 2018

Randomized clinical trial normothermic machine 

perfusion of standard livers vs. cold-storage

- DCD and DBD donors

- 50% ↓  peak ALT

- 50% ↓  organ discard

- 54% ↑  preservation time

- Similar bile duct complications, and graft and patient survival



DCD/machine perfusion



DCD/machine perfusion

Normothermic Regional Perfusion

- Less expensive

- Can be applied early



swisstransplant.org

DCD/machine perfusion



Normothermic Regional Perfusion (NRP)

DCD/machine perfusion



Normothermic Regional Perfusion (NRP): 

UK DCD score

DCD/machine perfusion

Schlegel et al. J Hepatol 2018

Oniscu et al. J Hepatol 2018

16% 27%



DCD/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)



Swiss donors

swisstransplant.org
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• 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

Tx4Cancer

Hibi T, Surg Today 2017

Transplant oncology



Transplantation for HCC

• Recipient charateristics

• Donor characteristics

Tx4Cancer



Transplantation for cancer: HCC

Tx4Cancer

Mazzaferro et al. NEJM 1996

• HCC unique ≤5 cm

• ≤3 HCC ≤3 cm 
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• Milan (1 HCC ≤5 cm; ≤3 HCCs ≤3 cm) 

• Up-to-Seven (size + number ≤7) 

• Total Tumor Volume (TTV ≤115 cm3)

• ASAN (size ≤5 cm, number ≤6)

•…

Tx4Cancer
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HCC biology

Tx4Cancer
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• Milan (1 HCC ≤5 cm; ≤3 HCCs ≤3 cm) 

• Up-to-Seven (size + number ≤7) 

• Total Tumor Volume (TTV ≤115 cm3)

• ASAN (size ≤5 cm, number ≤6)

•…

Biology

• AFP

• DCP

• FDG uptake

• microvascular invasion

• HCC grade

•…

Tx4Cancer



Pinero et al. Liver Int 2016

Notarpaolo et al. J Hepatol 2016

Duvoux et al. Gastroenterology 2012

AFP model

≤2

>2

Tx4Cancer



TTV ≤115 cm3

AFP ≤400 ng/ml

Total Tumor Volume /AFP

P=0.34

Toso et al. Hepatology 2015

Toso et al. Hepatology 2009

Toso et al. Liver Transplantation 2008

Tx4Cancer



Toso et al. J. Hepatol 2010

Downstaging patients outside transplant criteria

Decrease drop-out Prevent recurrenceBring to transplant 

criteria

Tx4Cancer



Inclusion criteria:

• single HCC ≤8 cm

• bifocal HCC ≤5 cm

• 3 to 6 HCCs ≤4 cm, and 

maximum total diameter of 12 

cm 

Downstaging sucess:

• within Milan criteria

• AFP <400 ng/ml

• stability for >3 months

Ravaioli et al. AJT 2008

N=88 N=32

Downstaging: morphology

Tx4Cancer



Inclusion criteria:

• no restriction

Downstaging sucess:

• within TTV/AFP

•stability for >3 months

Toso et al. Transplant Int 2018

Downstaging : morphology

Tx4Cancer



Merani et al. J. Hepatol 2011

Downstaging: biology

Tx4Cancer



• 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

• > 3 months

Waiting time should be
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Tx4Cancer

Toso et al. Transplant Int 2018



Cillo et al. AJT 2015

Mazzaferro Hepatology 2016

Too early for transplantation?

Tx4Cancer



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

Tx4Cancer



• 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

Transplant oncology

Tx4Cancer

Hibi T, Surg Today 2017



Sapisochin et al., AJT 2014

“Very early” intra-hepatic cholangiocarcinoma

Tx4Cancer

• 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
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Sapisochin et al., Hepatology 2016

“Very early” intra-hepatic cholangiocarcinoma

Tx4Cancer

• 15 “very early” (single lesion ≤2 cm)

• 33 more advanced

• Risk of recurrence associated with:

– microscopic vascular invasion

– poor degree of differentiation



Key messages

Intrahepatic cholangiocarcinoma:

• Transplantation for very early lesions (single ≤2 cm)

• Avoid micro-vascular invasion and poor differentiation

Tx4Cancer



• 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

Transplant oncology

Tx4Cancer

Hibi T, Surg Today 2017



• 1983-1989

• 17 patients

Mulhbacher et al. Transplant Proc 1991

18 months median survival

Historical liver transplantation for CRLM

Tx4Cancer



Tx4Cancer

Things have changed

• Improved chemotherapy

• Improved transplantation

• Immunosuppression better tailored for 

oncological indications

Liver transplantation for CRLM



Hagness et al. Ann Surg 2013

N=21 patients

Liver transplantation for CRLM in Oslo

27 months median follow-up

Tx4Cancer



Dueland et al. Ann Surg 2014
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Better than chemotherapy

Tx4Cancer



Hagness et al. Ann Surg 2013

Recurrence in almost 

all patients (20/21)

Tx4Cancer



Patient characteristics

• Lisbon, n=8

• Coimbra, n=2

• Paris, n=1

• Geneva, n=1

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 (%)

T0* 1 (8)

T2 1 (8)

T3 8 (67)

T4 2 (17)

Node status of primary cancer (%)

N0 5 (42)

N1 5 (42)

N2 2 (16)

Tx4Cancer

Toso et al. Liver transplantation 2017



Peri-operative management

• 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

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)

Tx4Cancer

Toso et al. Liver transplantation 2017



5 patients alive and free of cancer 7, 43, 47, 48, and 

108 months after transplantation 

Tx4Cancer

Toso et al. Liver transplantation 2017



P=0.092

P=0.014

P=0.019

Tx4Cancer

Toso et al. Liver transplantation 2017



Tx4Cancer

CRLM:

• Disease-free survival can be achieved

• Favorable factors include a long time between diagnosis 

and transplant, a low CEA, and “planned” indication

• This indication should be further explored

Key messages



The future of liver transplantation is 

bright! 

Thank you!

Prof. Ph. Compagnon

You for your excellent daily collaboration and for your attention today




