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1 Preface

We are pleased to present the 35" Annual Report of the Australia and New Zealand Liver and Intestinal Transplant
Registry (ANZLITR). This report presents analyses of the cumulative liver and intestinal transplantation data since
the establishment of the first liver transplant units in Australia and New Zealand in 1985 to 31% December 2023. The
report can be downloaded from the ANZLITR website: https://www.anzlitr.org/. A limited number of hard copies are
produced each year. Requests for hard copies may be made via the website or through your local liver or intestinal
transplantation unit.

We thank the staff at all the transplantation units who contribute their data into the ANZLITR database. We are
grateful to the Australian Government and the Organ and Tissue Authority (OTA) for the ongoing financial support
of the Registry. We thank the Australia and New Zealand Organ Donation (ANZOD) Registry for their collaboration
and provision of deceased donor data.

Our sincerest thank you to Pamela Dilworth, Cancer Registry Manager, and Mandy Byrne, Registry Manager for
ANZLITR, who has since retired. We want to express our deepest gratitude for their many years of service and the
impact they have had on the registry. Thank you to Damian Wildie, Number 9 Management Pty Ltd, for hosting the
ANZLITR registry application used for data collection and for maintaining the public website as well as developing
and maintaining all the complex code that goes into the making sure the Registry functions properly. Finally, thank
you to Debra (Debbie) Cormack, Graphic Artist, Queensland Liver Transplant Service, Princess Alexandra Hospital,
for doing all the graphic layout to make the annual report look fantastic.

We welcome any feedback or suggestions regarding the ANZLITR Annual Report.
Finally, we would like to acknowledge all the patients and their families that have been involved in the liver and

intestinal transplantation program and organ donation over the years.

Dr Michael Fink, Registry Director
Dr Wing-Yee Lo, Registry Manager

CITATION
The suggested citation for this report is:

Australia and New Zealand Liver and Intestinal Transplant Registry
35 Annual Report 2023

Melbourne, Victoria, AUSTRALIA

Editors: Michael Fink, Wing-Yee Lo

Publication date: June 2025
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2 Executive Summary

2.1 Liver Transplantation
Annual waiting list mortality has decreased from a peak of 12.3% in 2007 to 3.8% in 2023. In 2023, two of 23 patients
listed as category 1 died waiting.

There has been a progressive increase in liver transplantation from deceased donors since 2007 until the impact
of COVID-19 resulted in a decrease in the number of deceased donors. Since the end of the COVID-19 pandemic,
the number of transplants has slowly recovered. There have been 74 transplants using grafts that underwent
normothermic machine perfusion and 17 using grafts that underwent hypothermic oxygenated perfusion. In 2023,
12.5% of deceased liver donors were donation after circulatory death (DCD) donors. Living donor liver transplantation
accounted for 1.5% of all transplants performed since 1985.

In 2023, 344 liver transplants were performed in 336 patients. The number of liver transplants increased from 307
in 2021 but has not returned to the pre-COVID peak of 369 transplants in 2018. Between 1985 and 2023, 7,925
transplants were performed in 7,310 patients, including 1,331 transplants in 1,171 children and 6,594 transplants
in 6,139 adults. Paediatric age at transplant has decreased progressively and adult recipient age has increased
progressively over time. Split liver transplantation is a common form of liver transplantation in children (70.0% in
2023) and whole liver transplantation is the dominant form of liver transplantation in adults (92.8% in 2023).

The commonest indication for transplantation in children is biliary atresia and in adults was hepatitis C virus cirrhosis
until 2014, after which hepatocellular carcinoma (HCC) and alcohol-related cirrhosis have become the commonest
indications. There has also been a recent increase in patients transplanted for non-alcoholic fatty liver disease
(NAFLD). The proportion of patients transplanted primarily for hepatitis C has decreased from 33.8% in 2012 to only
1.4% in 2023.

The 1-, 3-, 5- and 10-year patient survival in recent years for paediatric patients was 97%, 97%, 96% and 89%,
respectively. Children transplanted with a split or living donor graft had slightly superior patient survival to those
transplanted with a whole graft and those transplanted with a reduced graft had inferior survival (P < 0.001).

The 1-, 3-, 5- and 10-year patient survival in recent years for adult patients was 93%, 87%, 86% and 74%, respectively.
Patient survival in adults reduced progressively with increasing recipient age (P < 0.001) and varied significantly by
primary disease (P < 0.001), with poorer outcomes for hepatitis C virus and alcohol-related cirrhosis. Patient survival
has improved over time for hepatitis B (P < 0.001).

The 1-, 3-, 5- and 10-year graft survival in recent years for paediatric patients was 94%, 93%, 86% and 79%,
respectively. The 1-, 3-, 5- and 10-year graft survival in recent years for adult patients was 89%, 82%, 81% and 70%,
respectively. Graft survival varied significantly by era of transplant (better outcomes since 2000 — 04 era (P < 0.001),
age group (better outcome in children, P < 0.001), graft number (P < 0.001), graft type in children (poorer outcome
with reduced grafts, P < 0.001), deceased donor age (better outcome with younger donors, P < 0.001), donor cause
of death (poorer outcome from donors who died of stroke, P < 0.001), shipping of grafts (better outcome with livers
that were not shipped from another unit, P = 0.003), cold ischaemia time (better outcome with cold ischaemia time
<431 mins, P <0.001) and recipient urgency category at transplant (poorer outcome for category 1 recipients to 20
years post-transplant, P < 0.001).

The commonest indications for retransplantation were vascular problems (27.3%), biliary complications (19.3%),
rejection (17.9%), primary non-function or initial poor function (14.4%) and recurrent disease (13.5%). The
commonest causes of death were malignancy (25.5%), graft-related causes (16.3%), sepsis (13.7%), cardiovascular
disease (8.8%) and multi-organ failure (8.6%).
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2.2 Intestinal Transplantation

Twenty-two patients have been listed for intestinal transplantation with one patient relisted in 2019, six years after
initial delisting without transplant. Thirteen patients were transplanted, three died waiting, four were delisted
without relisting and two were still waiting at the end of 2023.

The 1- and 3-year intestinal patient survival are 92.3% and the 5- and 10-year survival are 76.9%. The 1- and 3-year
intestinal graft survival are 84.6% and the 5- and 10-year survival are 70.5%.

Two patients died with a functioning graft, one from respiratory infection at 3 months and one from complications

of cardiac surgery at 3.5 years post-transplant. One intestinal graft has failed with the patient supported by total
parenteral nutrition (liver and pancreas grafts functioning).
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3 Australia and New Zealand Liver and Intestinal Transplant
Registry Information

3.1 Australia and New Zealand Liver and Intestinal Transplant Registry Overview

The Australia and New Zealand Liver and Intestinal Transplant Registry (ANZLITR) is a collaborative effort of the
liver transplantation units in Australia (Adelaide, Brisbane, Melbourne, Perth, Sydney) and New Zealand (Auckland).
The Australian Intestinal Transplant Service, co-located with the Victorian Liver Transplant Unit, offers an intestinal
transplant service to Australian and New Zealand paediatric and adult patients. The ANZLITR Management
Committee is comprised of the Registry Director, the Registry Manager and the director of each liver transplant unit.
The Management Committee oversees all activities associated with the Registry, including database design, data
collection, analysis, reporting and approval of research utilising Registry data.

The Registry contains de-identified data on all liver and intestinal transplantation activity across Australia and
New Zealand since the first liver transplant in the modern era in 1985. Following formal Human Research Ethics
Committee (HREC) approval of the Registry in 2019, collection of identifying data on patients who sign the new
consent forms commenced. Data are collected and entered into the Registry by a data manager/transplant nurse
employed by each Liver Transplant Unit. Data include:
o demographics on patients placed on the liver and intestinal transplant waiting lists
o identifying data such as recipient name only if new consent form signed
o information at time of listing for transplant such as diagnoses, medical and laboratory information
and urgency category
o date patient listed on transplant waiting list (full collection from 2004, partial collection prior to 2004)
o information about the transplant such as date, graft number, type of graft, donor source, serology
and operative information
o information about the outcome of the transplant such as the status of the graft, patient status,
cause of death
o information about patients delisted without transplantation, including reason for delisting
o donor information — deceased (from 1989 onwards) and living donors
o cancer after transplantation

3.2 History of the Australia and New Zealand Liver and Intestinal Transplant Registry

Data have been collected on all liver transplants in Australia and New Zealand since 1985. The first liver transplant in
Australia performed in New South Wales in 1968 (patient died 5 days post-transplant) is not included in the registry.
Queensland performed their first liver transplant in 1985. The second transplant by NSW occurred in 1986. Victoria
performed their first liver transplant in 1988, South Australia and Western Australia, in 1992 and New Zealand,
in 1998. The first intestinal transplant in Australia and New Zealand was performed by the Australian Intestinal
Transplant Service in Melbourne in 2010.

In 1988, the three established liver transplants units in Australia (New South Wales, Queensland and Victoria) agreed
to combine their liver transplant data into a central database to provide an overall report on liver transplantation
and outcomes. In 1999, all Australian and New Zealand units agreed to collaborate and contribute their data to a
combined registry and this was named the Australia and New Zealand Liver Transplant Registry (ANZLTR). In 2018,
the registry name was changed to Australia and New Zealand Liver and Intestinal Transplant Registry (ANZLITR), to
reflect that the Registry contains both liver and intestinal listing and transplant data.

The initial liver transplantation data reporting was undertaken by Professor A.G.R. Sheil at Royal Prince Alfred
Hospital in Sydney in the late eighties. In the 1990s, reporting of liver transplantation activity alternated between
Professor Sheil at Royal Prince Alfred Hospital in Sydney and Professor Russell Strong at Princess Alexandra Hospital
in Brisbane.

Initial funding for the data collection from 1988 to 2000 was by the liver transplant units. In May 2001, at the Australian
Health Ministers' Advisory Council meeting, the Registry was formalised and funding from the Commonwealth
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Government was provided for the first time. This included funding for a part-time data manager (Ms. Glenda
Balderson) and production costs of the Annual Report. An ANZLTR Management Committee was formed, comprising
the head or a senior consultant from each of the liver transplant units and the ANZLTR data manager.

In 2003, the Management Committee decided to move to a web-based format and the liver transplant units provided
the funds for the development of a web-based database. The electronic Registry was established and managed by
Ms. Glenda Balderson (Registry Manager) and Professor Stephen Lynch (Registry Director) at Princess Alexandra
Hospital in Brisbane. After importation of historical data, near real time data collection began in January 2004.
Collection of all new listings and listing outcome data commenced at this time.

In 2007-08, the Commonwealth Funding Agreement was extended to include the costs of the web-based program
hosting, software development and maintenance, and funds for each unit to assist with data entry services. Currently
the ANZLITR is fully funded by the Organ and Tissue Authority, Australian Government.

In August 2018, the coordinating centre moved to Austin Health in Melbourne. Dr. Michael Fink commenced as
the Registry Director and Ms. Mandy Byrne as the Registry Manager. Formal Human Research Ethics Committee
approval for the Registry was obtained in 2019 under the National Mutual Acceptance scheme. Units obtained site
specific ethics approval during 2020/2021 and began using the new consent forms that informed patients about
identified data collection. Collection of identified patient data commenced only on patients who signed the new
consent forms. Strict safeguards and security measures have been established to protect and control access to
identified data. Identified data will be used to ensure integrity of data matching with external databases and will not
be disclosed in research data releases or publications.

In 2021, the design of the HCC module in the Registry was updated to provide a clearer view and process for
entering data and to include a more comprehensive data collection.

The Liver Transplantation Cancer Registry was established alongside the liver transplantation data collection by
Professor A.G.R. Sheil at Royal Prince Alfred Hospital in Sydney in the mid-eighties. The Liver Cancer Registry was
hosted and managed at Royal Prince Alfred Hospital and they undertake the cancer reporting for the ANZLITR Annual
Report. Since the retirement of Ms. Pamela Dilworth, the cancer registry manager, the Liver Cancer Registry is now
being incorporated into the main liver and intestinal transplant registry with Dr. Wing-Yee Lo as the new Registry
Manager following the retirement of Ms. Mandy Byrne in 2023.

3.3 Australia and New Zealand Liver and Intestinal Transplant Registry Application

The ANZLITR database consists of an on-line data registry application which is hosted on an Australian based server
cloud platform (Digital Pacific), with a Linux operating system and a web-based application using a Postgres database
repository. High level security is maintained including high level user authentication, firewall protection and an
intrusion prevention software framework. Two factor authentication was activated in 2021.

Access to this system is strictly controlled and only authenticated users are allowed access to the application. Users
from each liver transplant unit only have full access to data relevant to their own patients.

3.4 Australia and New Zealand Liver and Intestinal Transplant Registry Website
The ANZLITR website is accessible to the public via the following address: https://www.anzlitr.org/
The website provides:
e an overview and history of the Registry
e alist of participating centres
e copies of Annual Reports
e links to international liver transplant registries, organ donation website in ANZ and other useful sites
e contact information
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3.5 Funding of the Registry
The ANZLITR is funded by the Australian Government Organ and Tissue Authority.

3.6 Registry Secretariat
Registry Manager Dr Wing-Yee Lo
c/o Victorian Liver Transplant Unit,
Austin Health,
145 Studley Road,
Heidelberg, Australia.
PO Box 5555, Victoria, 3084

Phone: (+61) 3 9496 6980
Email: anzlitr@austin.org.au

3.7 Registry Management Committee

Director Dr Michael Fink, Austin Health

Manager Dr Wing-Yee Lo, Austin Health

New South Wales Professor Simone Strasser, Royal Prince Alfred Hospital and Westmead Children’s Hospital
Queensland Dr Peter Hodgkinson, Princess Alexandra Hospital and Queensland Children’s Hospital
South Australia Dr John Chen, Flinders Medical Centre

Vicoria Professor Robert Jones, Austin Health and The Royal Children’s Hospital

Western Australia Professor Luc Delriviere, Sir Charles Gairdner Hospital

New Zealand Professor Ed Gane, Auckland City Hospital and Starship Children’s Hospital

3.8 Participating Centres

Australian National Liver Transplant Unit (NSW)
Royal Prince Alfred Hospital
Missenden Road
Camperdown NSW 2050

Queensland Liver Transplant Service
Princess Alexandra Hospital
Ipswich Road
Woolloongabba QLD 4102

South Australian Liver Transplant Unit
Flinders Medical Centre
Flinders Drive
Bedford Park SA 5042

Victorian Liver Transplant Unit

Australian Intestinal Transplant Service
Austin Health
Studley Road
Heidelberg VIC 3084

WA Liver Transplantation Service
Sir Charles Gairdner Hospital
Verdun Street
Nedlands WA 6009

New Zealand Liver Transplant Unit
Auckland City Hospital
Park Road
Auckland New Zealand

The Children’s Hospital at Westmead
Hawkesbury Road
Westmead NSW 2145

Queensland Children’s Hospital
Stanley Street
South Brisbane QLD 4101

The Royal Children’s Hospital Melbourne
Flemington Road
Parkville VIC 3052

Starship Children’s Hospital
Park Road
Auckland New Zealand
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4 Methodology

4.1 Data Collection and Preparation

Data are entered into the web-based Registry by data managers / transplant nurses at each Liver Transplant Unit
in near real time. The Registry Manager undertakes regular data validation and cleaning steps to ensure data are
accurate. Data are downloaded from the Registry to construct the analysis dataset after all validation and cleaning
have been undertaken.

4.2 Waiting Lists

Comprehensive waiting list data are available from 1 January 2004. The waiting list dataset contains all patients who
have been added to the waiting list for a liver or intestinal transplant. Listing can occur in patients who have or have
not had a prior liver transplant.

At the end of each year, the outcome of each listing is categorised as transplanted, waiting list mortality (patient
died while on the waiting list or within one year of delisting for reasons other than transplantation), delisted without
transplant (patient condition improved; patient too sick for transplant but still alive one year after delisting, other
reasons) or listed at end of year. Waiting list mortality rate is calculated by dividing waiting list mortality by number
of patients on the waiting list during the year (patients active at start of the year plus new patients listed during the
year).

4.2.1 Liver Transplant Waiting List Dataset (7,184 listings)
Comprehensive waiting list data including listing and delisting date and delisting outcome are available from 1
January 2004. There are data on 7,184 active listings from this date.

A benchmarking analysis to compare 90-day and 1-year waiting list mortality between the six Australian and New
Zealand liver transplant units was undertaken for patients listed from 1/1/2018 to 31/12/2022 who were > 18 years
old at listing, who were not listed as urgent (category 1 or 2) patients, who were listed for liver only transplantation
and who had not undergone previous liver transplantation (n = 1,439 patients).

4.2.2 Intestinal Transplant Waiting List Dataset (23 listings)
Comprehensive waiting list data including listing and delisting date and delisting outcome are available from the first
listing in 2007. There are 23 listings for 22 patients.

4.3 Liver Transplant Recipient Datasets
To ensure a consistent process for analysis, three datasets have been constructed from the transplant recipient data,
as listed below.

4.3.1 Demographics Dataset (7,310 patients)

The demographic analysis dataset is based on the first liver transplant in Australia or New Zealand for each patient.
Six patients had their first liver transplant overseas prior to undergoing retransplantation in Australia and New
Zealand, including one patient who had two liver transplants overseas. Their first liver transplant in Australia or New
Zealand has been used for demographic data analysis.

4.3.2 Patient Survival and Initial Diagnosis Dataset (7,304 patients)
The patient survival analysis dataset only includes patients who had their first transplant in Australia or New Zealand.
The six patients who had prior liver transplants overseas are excluded from this dataset.

A benchmarking analysis to compare post-transplant mortality between the six Australian and New Zealand liver
transplant units was undertaken for patients transplanted from 1/1/2018 to 31/12/2022 (1-year post-transplant
mortality, n = 1,203 patients) and from 1/1/2014 to 31/12/2018 (5-year post-transplant mortality, n = 1,180 patients)
who were > 18 years old at transplantation, who were not transplanted as urgent (category 1 or 2) patients, who
underwent liver only transplantation and who had not undergone previous liver transplantation.
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4.3.3 Graft Survival Dataset (7,925 transplants)

All Australian and New Zealand transplants are included in this dataset. Patients who have had one or two prior
transplants overseas have their first graft number in Australia or New Zealand recorded as graft two or three,
respectively. Both deceased and living donor grafts are included in this analysis, unless otherwise specified.

A benchmarking analysis to compare graft loss between the six Australian and New Zealand liver transplant units
was undertaken for patients transplanted from 1/1/2018 to 31/12/2022 (1-year graft loss, n = 1,203 grafts) and from
1/1/2014 to 31/12/2018 (5-year graft loss, n = 1,180 grafts) who were > 18 years old at transplantation, who were
not transplanted as urgent (category 1 or 2) patients, who underwent liver only transplantation and who had not
undergone previous liver transplantation.

4.4 Deceased and Living Liver Donor Datasets

4.4.1 Deceased Liver Donor Dataset (7,202 deceased donors; 7,677 grafts)

The Australia and New Zealand Organ Donation (ANZOD) Registry provides the ANZLITR with deceased donor
data for analysis. A total of 7,803 grafts were sourced from 7,328 deceased donors. Collection of deceased donor
information commenced in 1989. There is no deceased donor information on 126 grafts from 1985 to 1988.

Deceased donor data are available on 7,202 donors. A total of 6,726 donated livers were allocated to a single
recipient and 476 donated livers were split (one graft was not utilised as recipient found to be unsuitable at time of
transplant), resulting in a total of 7,677 grafts with deceased donor data.

4.4.2 Living Liver Donor Dataset (122 living donors)
Data on 122 living liver donors (including five domino living donors) are collected in ANZLITR.

4.5 Intestinal Dataset (13 transplants)

The intestinal dataset includes data on all 22 wait-listed patients (the first listing was in 2007) and all 13 transplanted
patients (the firstintestinal transplant was performed in 2010). Patients requiring both liver and intestinal transplants
are included in both the liver and intestinal datasets.

4.6 Patient Age Groups
Paediatric patients are defined as less than 16 years old and adults are 16 years and older.

4.7 Survival Curves

4.7.1 Patient Survival

Patient survival is based on patients who had their first liver transplant in Australia or New Zealand (i.e. Graft 1).
Patients are classified as either alive (censored at the earlier of date of last contact or 31 December 2023) or dead.
Patients may have undergone retransplantation in the time period. Retransplantation is not considered an event
and the patient is not censored at retransplantation for patient survival analysis.

4.7.2 Graft Survival

Graft survival is based on patients who had a liver transplant in Australia or New Zealand (i.e. any graft number).
Grafts are classified as either functioning (censored at the earlier of date of last contact or 31 December 2023)
or failed (due to death, re-transplantation or for intestinal transplants, intestinal graft loss where the patient is
supported by total parenteral nutrition).

4.8 Statistical Analysis
Statistical analyses were undertaken using IBM SPSS Statistics 29.

The log-rank (Mantel-Cox) test was used to compare the survival distributions of samples in Kaplan-Meier survival
curve analysis.
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For the benchmarking analysis, hierarchical regression models were generated. This method uses risk adjustment to
account for variations in donor and recipient factors that might impact outcome and enables the estimation of the
effect of the transplant units on outcomes. Variables used for risk adjustment were those that could plausibly have
an effect on the outcomes of interest based on previous literature, previous analysis of the Registry data and expert
opinion. Variables were recorded at the time of listing or transplantation. Risk standardised outcome rates were
calculated for each unit using the estimated unit-specific parameters from the respective hierarchical models. For this
analysis, the log-odds of outcomes within 90 days/1 year of listing or 1 year/5 years post-transplant were modelled
as a function of patient age and clinical characteristics and a random unit specific effect. This strategy accounts for
within-unit correlation of the observed outcomes and models the assumption that there are underlying differences
in quality among units. These rates are obtained as the ratio of predicted to expected outcomes, multiplied by the
global unadjusted rate. The ratio is the predicted outcome in each unit, given its patient mix and unit-specific effect
divided by the expected outcome in that unit given the same patient mix and the average unit-specific effect. One
of the results of the analysis is the intraclass coefficient (rho), which gives an estimate of the contribution of the
transplant units (as opposed to donor or recipient factors) to the outcome, and is therefore an indicator of quality.
These benchmarking analyses were undertaken by Prof Leonid Churilov, the University of Melbourne.

Receiver operating characteristic analysis of cold ischaemia time in relation to graft loss within 1 year was performed
and the Youden-J statistic was calculated to determine the optimal cut off for the categories of cold ischaemia time.

The Nelson-Aalen estimator was used to estimate the cumulative expected events to determine the cumulative risk
of diagnosis of skin or non-skin cancer following liver transplant.

P values < 0.05 were considered significant.
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5 Liver Transplant Waiting List

5.1 Waiting List Activity
Up to 2019, there had been a steady increase in the number of new listings on the liver transplant waiting list
per year, increasing 50.7% from 2004 to 2019 (282 to 425, Figure 1). However, from 2019 to 2022, the number of
patients listed for liver transplantation fell by 16.7% (425 to 354). Since then, the number has slightly improved by
6.5% in 2023 (354 to 377).

Between 2004 and 2019, there was a 72.0% increase in the number of liver transplants performed per year (214
to 368). However, there was a 9.8% decrease (to 332) in 2020 and another 7.5% decrease in 2021 to 307 liver
transplants. In 2022, there was a 2.3% increase to 314 liver transplants and a 9.6% increase to 344 transplants in
2023 performed in Australia and New Zealand. It is likely that the reduction in transplant activity over the last few
years is related to the COVID-19 pandemic.

There were 136 people on the waiting list for a liver transplant at the end of 2023.
The annual waiting list mortality rate progressively decreased from a peak of 12.3% in 2007 to 4.0% in 2018 and has

remained between 5% and 7% since this time. The annual waiting list mortality was 5.7% in 2022 and has decreased
to 3.8% in 2023.

Figure 1. Liver transplant waiting list activity — all patients
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5.2 Paediatric Waiting List Activity

The number of new paediatric listings on the liver transplant waiting list showed a gradual increase over time,
increasing 64.1% from 2004 to 2019 (39 to 64, Figure 2). However, from 2019 to 2020, the number of children listed
for liver transplantation fell by 26.6% (64 to 47), then another 17.0% decrease to 39 in 2021. In 2022, there was a
25.6% increase to 49 listings. However, there has been a slight reduction of 10.2% in paediatric listings in 2023 from
49 to 44.

Between 2004 and 2019, there was a 96.6% increase in the number of paediatric liver transplants performed per
year (29 to 57). However, there was a 21.1% decrease (to 45) in 2020 and another 22.2% decrease (to 35) in 2021.
In 2022, there was a 25.7% increase to 44 paediatric liver transplants performed in Australia and New Zealand, but
this has again decreased by 9.1% to 40 transplants in 2023. It is likely that the reduction in transplant activity over
the last few years is at least partly related to the COVID-19 pandemic.

The number of children on the liver transplant waiting list at the end of the year peaked at 28 in 2011 and has fallen
to 11 at the end of 2023.

The paediatric annual waiting list mortality rate has progressively decreased from a peak of 7.2% in 2007 to 2.1% in
2021. However, the paediatric mortality rate rose to 7.0% in 2022 but has now decreased to 0% mortality in 2023.

Figure 2. Paediatric liver transplant waiting list activity
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5.3 Adult Waiting List Activity

Up to 2019, there had been a steady increase in the number of new adult listings on the liver transplant waiting list
per year, increasing 48.6% from 2004 to 2019 (243 to 361, Figure 3). However, from 2019 to 2020, the number of
adults listed for liver transplantation fell by 5.3% (361 to 342), then there was a small 0.9% increase to 345 in 2021.
In 2022, there was an 11.6% decrease to 305 listings, however, the number of listings has increased by 9.2% to 333
in 2023.

Between 2004 and 2019, there was a 68.1% increase in the number of adult liver transplants performed per year
(185 to 311). However, there was an 7.7% decrease (to 287) in 2020, another 5.2% decrease in 2021 to 272 and
another 0.7% decrease in 2022 to 270 liver transplants performed in Australia and New Zealand. The number of
adult liver transplants has increased by 12.6% to 304 in 2023. It is likely that the reduction in transplant activity
over the last few years is at least partly related to the COVID-19 pandemic and has now slowly recovered. It is also
possible that reduction in demand for transplantation is related to a reduction in end-stage liver disease in hepatitis
C virus cirrhosis related to the wide availability of direct acting antiviral therapy.

The number of adults on the waiting list for a liver transplant at the end of the year peaked at 194 in 2014 and has
fallen to 125 in 2023.

The adult annual waiting list mortality rate peaked at 13.5% in 2008 and has fallen to 4.2% in 2023

Figure 3. Adult liver transplant waiting list activity
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Benchmarking analysis using hierarchical regression models estimated that 5.2% of the variation in 90-day waiting
list mortality and 2.2% of the variation in 1-year waiting list mortality was due to variation between liver transplant
units. One transplant unit appears to be an outlier in this analysis. A consensus of the Liver and Intestinal Transplant
Advisory Committee of the Transplantation Society of Australia and New Zealand is that wait list outcomes will be
reviewed both by the unit involved and an independent expert panel, to determine factors involved in the variation
and whether any action should be undertaken.
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5.4 Time on the Waiting List

The median time from listing to transplantation by the year of transplantation was 137 days in 2008 and has
decreased to 52 days in 2023 (Figure 4). The median time from listing to delisting without transplant was 140 days
in 2015 and has increased to 217 days in 2023.

Figure 4. Time on waiting list by year of delisting
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5.5 Urgent Waiting List Activity

Certain categories of patients have a high risk of dying waiting for liver transplantation and a short window of
opportunity for transplantation. A system of organ sharing between units in Australia and New Zealand has been
developed by the Liver and Intestinal Transplant Advisory Committee of the Transplantation Society of Australia and
New Zealand. The guidelines can be viewed via the following address:
https://tsanz.com.au/guidelinesethics-documents/organallocationguidelines.htm

Urgent cases are flagged in the waiting list as Category 1 and Category 2.

Category 1 patients are defined as patients suitable for transplantation with acute liver failure who are ventilated
and in an ICU at risk of imminent death. When such patients are listed, allocation to them is mandatory.

Category 2 patients are defined as listed below. When a donor liver becomes available, discussion occurs between

the urgent listing unit and the local retrieving unit to determine optimal allocation.

e Category 2a. Patients suitable for transplantation with acute liver failure from whatever cause who are not yet
ventilated but who meet the King’s College criteria. This includes patients who have acute liver failure because
of vascular thrombosis in a liver allograft. In addition, this category includes paediatric candidates with severe
acute or chronic liver disease who have deteriorated and are in a paediatric intensive care unit. It is subject to
discussion between the directors (or delegates) of donor and recipient state (or New Zealand) liver transplant
centres.

e Category 2b. Paediatric patients suitable for transplantation who suffer from severe metabolic disorders or
hepatoblastoma (after initial treatment) for whom a limited time period exists during which liver transplant is
possible.

e Category 2c. Patients awaiting combined liver-intestinal transplantation by the National Intestinal Transplantation
programme in Victoria. If a potentially suitable donor is identified, the home unit must discuss allocation of
donor organs with the Victoria unit unless the home unit has a suitable liver recipient with a MELD score of 25
or greater.

Good outcomes have been achieved for patients listed as urgent category 1 and 2 (Figure 5 and Figure 6).

The urgent category 1 waiting list mortality rate for 2018 — 2022 was 8.6% (eight deaths in 93 category 1 listings).
However, the waiting list mortality for 2023 has risen to 21.7% (5 of 23 patients in category 1).

The urgent category 2 waiting list mortality rate for 2018 — 2022 was 3.9% (three deaths in 76 category 2 listings).
There were no deaths on the waiting list under category 2 in 2023.
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Figure 5. Urgent category 1 waiting list outcomes
Data show the outcome of urgent listings for each year. The outcomes of patients still listed at the end of the year are reported

in the subsequent year.
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Figure 6. Urgent category 2 waiting list outcomes
Data show the outcome of urgent listings for each year. The outcomes of patients still listed at the end of the year are reported

in the subsequent year.
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6 Deceased Liver Donors

Of 7,925 liver transplants, 7,803 (98.5%) were sourced from deceased donors, with only a small proportion from
living donors (122, 1.5%). Collection of deceased donor information commenced in 1989. There is no deceased
donor information on 126 transplants from 1985 to 1988. Subsequent analysis is limited 7,202 deceased donors and
7,677 grafts from 1989 onwards with donor data.

6.1 Deceased Donors and Grafts Transplanted Per Year

Of 7,202 deceased donors with donor data, 476 donated livers were split (one graft was not utilised from one split
liver, so there were 951 split grafts transplanted), resulting in a total of 7,677 grafts. The number of deceased donors
has grown steadily over the years until recently (Figure 7). In 2022 there were 288 deceased donors providing 313
grafts. The number of deceased donors and grafts have not returned to the peak that occurred in 2018. In 2023, the
number of deceased donors increased to 320 providing 342 grafts. Of the 320 deceased donors, 40 (12.5%) were
donation after circulatory death donors.

Figure 7. Deceased donors and grafts transplanted by year

400 -
350 -
300 -
250

200 - e DCD

Number

150 == Deceased donors

== Grafts transplanted
100 -

50 -

0 - __/-M"/\/

1985 1990 1995 2000 2005 2010 2015 2020 2025

Year of donation

Abbreviation: DCD, donation after circulatory death

6 Deceased Liver Donors Page 16



35t ANZLITR ANNUAL REPORT DATA TO 31/12/2023

6.2 Machine Perfusion of Deceased Donor Livers

Machine perfusion has been introduced as a preservation method in liver transplantation in recent years. Machine
perfusion enables assessment of graft function prior to transplantation (at least during normothermic perfusion)
and it has been shown to improve early graft function after transplantation and can safely extend the time between
procurement and transplantation.

Queensland commenced normothermic machine perfusion (NMP) in 2018 and Victoria in 2019. New Zealand
commenced hypothermic oxygenated perfusion (HOPE) in 2022.

There have been 74 transplants using NMP and 17 using HOPE. In 2022, seven (33.3%) of the 21 transplanted livers
sourced from DCD donors were supported using machine perfusion and in 2023, this has increased to 23 (57.5%) of
40 transplanted livers (Figure 8, Table 1).

Figure 8. Transplants utilising machine perfusion with donor source type
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Table 1. Transplants with donor source type and use of machine perfusion

Donation after circulatory death Donation after Brain Death
Transplant DCD DCD DCD DCD % DCD DBD DBD DBD DBD % DBD
Year NMP HOPE no MP Total with MP NMP HOPE no MP Total with MP
2017 0 0 11 11 0.0% 0 0 321 321 0.0%
2018 3 0 18 21 14.3% 0 0 346 346 0.0%
2019 2 0 22 24 8.3% 6 0 333 339 1.8%
2020 14 0 25 39 35.9% 4 0 285 289 1.4%
2021 6 0 12 18 33.3% 3 0 283 286 1.0%
2022 6 1 14 21 33.3% 3 2 287 292 1.7%
2023 16 7 17 40 57.5% 11 7 284 302 6.0%

Abbreviations: DCD, donation after circulatory death; DBD, donation after brain death; NMP, normothermic machine perfusion; HOPE,

hypothermic oxygenated perfusion; MP, machine perfusion
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6.3 Age of Deceased Donors
There has been a progressive increase in donor age from a median of 28 years in 1990-94 to 46 years in 2010-14.
The median age plateaued at 45-46 years over the subsequent eras (Figure 9).

Figure 9. Median age of deceased donors by transplant era
Box and whisker plot: median, interquartile range and 1.5 times interquartile range shown
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Figure 10 demonstrates the changing deceased donor age profile over the various transplant eras. There has been a
progressive increase in the proportion of donors aged 50-59, 60-69, 70-79 and > 80 years from 10%, 2% 0% and 0%,
respectively in the 1990-94 era to 21%, 15%, 6% and 1%, respectively in the 2010-14 era but stabilisation in these
proportions subsequently.

Figure 10. Deceased donor age by transplant era
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7 Living Liver Donors

Of 7,925 liver transplants, 122 (1.5%) were sourced from living donors (including five domino livers). Paediatric
recipients received the majority (82.0%) of living liver donations (Table 2). There have been no deaths of living liver
donors.

Table 2. Living liver donor demographics

Living Donors Paediatric Recipient Adult Recipient All Recipients
(<16 years) (216 years)

Number of living donors 100 22 122

% living donors 82.0% 18.0%
Gender of living donor

Female (% age category) 48 (48.0%) 8 (36.4%) 56 (45.9%)
Male (% age category) 52 (52.0%) 14 (63.6%) 66 (54.1%)
Age of living donor (years)

Median 34 33 34
Range 19-54 18-63 18-63
Living donor relationship

Father 42 1 43
Mother 26 0 26

Aunt 11 0 11
Family friend 8 1 9
Brother 2 3 5
Domino whole liver 0 5 5

Son 0 5 5
Cousin 4 0 4

Sister 0 3 3

Uncle 3 0 3
Daughter 0 2 2
Grandmother 2 0 2
Grandfather 1 0 1

Half sister 0 1 1
Husband 0 1 1
Second cousin 1 0 1

7 Living Liver Donors
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8 Liver Transplantation in 2023

There were 344 liver transplants performed on 336 recipients in 2023. The number of liver transplants this year has
increased from 314 in 2022 but has not returned to the pre-COVID peak of 369 transplants in 2018.

The liver transplant rates in 2023 for Australia and New Zealand were 10.7 and 10.4 liver transplants per million
population, respectively (Australia population in 2023: 26.9 million; New Zealand population in 2023: 5.3 million,
source: https://www.abs.gov.au/statistics/people/population, https://www.stats.govt.nz/topics/population).

8.1 Demographic Data for Patients Transplanted in 2023
Of the 336 patients receiving a transplant in 2023, 11.9% were children. Females represented 60.0% of paediatric
patients transplanted but only 42.9% of the adult population (Table 3. Patient demographics by age group (2023).

Table 3. Patient demographics by age group (2023)

Patients Children Adults .
. . Total Patients
Transplanted in ANZ in 2023 (<16 years) (216 years)

Number of patients (% total patients) 40 (11.9%) 296 (88.1%) 336

Sex

Female (% age category) 24 (60.0%) 127 (42.9%) 151 (44.9%)
Male (% age category) 16 (40.0%) 169 (57.1%) 185 (55.1%)
Age at first ANZ transplant in 2023

Mean + SD (years) 3+4 53+13 47 £20
Median (years) 2 56 53

Range 17d-14y 18y-72y 17d-72y
Interquartile range 8m-5y 45y-64y 37y-64y
Status of patients at 31/12/2023

Alive (% age category) 40 (100.0%) 284 (95.9%) 324 (96.4%)
Deceased (% age category) 0(0.0%) 12 (4.1%) 12 (3.6%)

Abbreviations: ANZ, Australia or New Zealand; d, day; vy, year

8.2 Transplants in 2023

The majority of the 344 transplants were for adult patients (304, 88.4%), whilst 40 (11.6%) transplants were
performed on children.

Of the 336 patients transplanted in 2023, 328 (97.6%) patients had their first transplant in 2023. Of these, eight
required retransplantation.
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9 Liver Transplantation from 1985 - 2023

There have been 7,925 liver transplants undertaken on 7,310 patients between 1985 and 2023. Figure 11 shows the
cumulative number of patients and transplants.

Figure 11. Cumulative number of liver transplants and new patients transplanted
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There has been an increase over time of the number of transplants per million population from 5.6 in 1991, peaking
at 12.8 in 2016 and then falling to 10.7 in 2023. (Australia and New Zealand population source:
https://www.abs.gov.au/statistics/people/population, https://www.stats.govt.nz/topics/population, Figure 12).

Figure 12. Liver transplant rate and total Australia and New Zealand population
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9.1 Demographic Data for Patients Transplanted from 1985 - 2023

Demographic data are based on the first liver transplant undertaken in Australia or New Zealand across all years. Six
patients had their first liver transplant overseas prior to undergoing retransplantation in Australia and New Zealand,
including one patient who had two liver transplants overseas. (7,310 patients, 7,304 graft 1, 5 graft 2, 1 graft 3).

Of 7,310 patients receiving a transplant from 1985 to 2023, 16.0% were children. Females comprised 51.5% of
paediatric patients but only 34.1% of adult patients (Table 4).

Table 4. Patient demographics by age group (1985 —2023)

Patients Children Adults Total Patients

Transplanted in ANZ from 1985 to 2023 (<16 years) (>16 years)
Number of patients (% total patients) 1,171 (16.0%) 6,139 (84.0%) 7,310
Sex
Female (% age category) 603 (51.5%) 2,095 (34.1%) 2,698 (36.9%)
Male (% age category) 568 (48.5%) 4,044 (65.9%) 4,612 (63.1%)
Age at first ANZ transplant
Mean + SD (years) 4+4 51+12 43+ 20
Median (years) 2 53 50
Range 11d-16y 16y-75y 11d-75y
Interquartile range 11m-7y 45y-60y 34y-59y
Status of patient
Alive (% age category) 972 (83.0%) 3,991 (65.0%) 4,963 (67.9%)
Deceased (% age category) 199 (17.0%) 2,148 (35.0%) 2,347 (32.1%)

Abbreviations: ANZ, Australia or New Zealand; m, month; vy, year

9.1.1 Patients Transplanted by Year of First Transplant

From 2007 to 2019, there was a 97.7% increase in the number of patients transplanted per year, based on the year
of their first transplant, from 172 to 340, including a 56.7% increase in the number of children transplanted (30 to
47) and a 106.3% increase in the number of adults transplanted (142 to 293, Figure 13). From 2019 to 2021, there
was a 18.2% decrease in the number of patients transplanted per year, from 340 to 278, including a 42.6% decrease
in the number of children transplanted (47 to 27) and a 14.3% decrease in the number of adults transplanted (293
to 251).

From 2021 to 2022, there was a 40.7% increase in the number of children transplanted (27 to 38) with a small 2.4%
decrease in the number of adults transplanted (251 to 245). Furthermore, there has been a 13.1% increase in the
number of patients transplanted between 2022 to 2023 with a 14.7% increase in the number of adults transplanted
(245 to 281) and a slight 2.6% increase in the number of children transplanted (38 to 39).

Figure 13. Number of patients transplanted by age group by year of first transplant
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9.1.2 Recipient Age at First Transplant (1985 — 2023)
Of the 1,171 paediatric transplant recipients, 28.1% were infants less than one year old and 15.2% were adolescents
10to 15 years old (Figure 14). Of the 6,139 adult recipients, 36.8% were in their 50s and only 0.7% were in their 70s.

Figure 14. Recipient age strata at first Australian or New Zealand transplant (1985 — 2023)
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9.1.3 Recipient Age at First Transplant by Era of Transplant

Figure 15 demonstrates the changing recipient age profile over the various transplant eras. There has been a
progressive increase in the proportion of recipients aged 60-69 and 2 70 years from 2.0% and 0%, respectively in the
1985 - 89 era to 33.0% and 2.0%, respectively in the 2020 - 23 era. Whilst the proportion of recipients aged 50-59
years has increased over eras to peak in 2010 - 14 era at 39.1%, it has decreased to 31.8% in the 2015 - 19 era and
to 25.4% in 2020 — 23 era. The proportion of recipients aged less than one year ranged between 2.9% and 5.9% in
all eras.

Figure 15. Recipient age strata (percentages) by transplant era
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The median paediatric recipient age has been gradually decreasing over the transplant eras, from 2 years and 6
months in 1985-89 to 1 year and 7 months in 2020-23 (P = 0.02, Figure 16).

Figure 16. Paediatric age at first transplant by transplant era
Box and whisker plot: median, interquartile range, 1.5 times interquartile range and outliers shown
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The median adult recipient age has been gradually increasing over the transplant eras, from 43 years in 1985-89 to
57 years in 2020-22 (P < 0.001, Figure 17).

Figure 17. Adult age at first transplant by transplant era
Box and whisker plot: median, interquartile range, 1.5 times interquartile range and outliers shown
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9.2 Transplants (1985 — 2023)
Of the 7,925 transplants, 6,594 (83.2%) were performed in adults and 1,331 (16.8%) in children (<16 years, Table
5, Figure 18). Since the first transplant in 1985, 553 (7.0%) recipients have undergone retransplantation in Australia
or New Zealand. Of these, 485 patients had one retransplant, 62 patients have required two retransplants and two
patients had three retransplants.

Table 5. Transplants by age group (1985 —2023)

Transplants Children Adults

Total
Transplanted in ANZ from 1985 to 2023 (<16 years) (>16 years) ota
Number of transplants (% total transplants) 1,331 (16.8%) 6,594 (83.2%) 7,925
Number of patients (% total patients) 1,171 (16.0%) 6,139 (84.0%) 7,310
Figure 18. Cumulative number of liver transplants per year by age category
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There was a 9.6% increase in the number of transplants from 2022 to 2023, following the 7.8% reduction in liver
transplants in 2020 to 2021 and the slight 2.3% increase in liver transplants in 2021 to 2022. The number of
transplants performed increased from 314 in 2022 to 344 in 2023, due to the increased number of transplants in
adults from 270 to 304. There was a small decrease (44 in 2022, 40 in 2023) in transplantation in children (Figure 19).

Figure 19. Number of liver transplants per year by recipient age category
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9.2.1 Type of Graft — Paediatric Recipients, All Years

The first paediatric liver transplant (whole liver) was performed in 1985, the first reduced size liver transplant in
1986, the first split liver transplant in 1989 and the first successful living donor liver transplant in the world was
performed by Professor Strong in Brisbane in July 1989. In the 1990s, the majority of partial grafts were reduced
grafts. However, since 2000, the proportion of split grafts has increased to become the dominant method of
transplantation in children, peaking at 73.3% in 2020, decreasing to 48.6% in 2021 and increasing again to 70.0% in
2023 (Figure 20). The number of living donors peaked at 10 in 2010 and subsequently this has become an infrequent
method of transplantation in children (no living donor transplants in 2022 and 2 living donor transplants in 2023).

Figure 20. Type of graft for paediatric recipients — all years
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9.2.2 Type of Graft — Adult Recipients, All Years

The dominant form of liver transplantation in adults is whole liver transplantation (282 of 304 transplants, 92.8%
in 2023, Figure 21). The number of deceased donor split liver transplants in adults has increased from 5 of 158
transplants (3.2%) in 2000 to 21 of 304 (6.9%) in 2023. There has been a total of 22 adult-to-adult living donor liver
transplants performed, including five domino liver transplants.

Figure 21. Type of graft for adult recipients — all years
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10 Diagnoses at First Transplant

10.1 Diagnoses in Children

Of 1,168 children who underwent their first liver transplant in Australia or New Zealand, the most common primary
diagnoses were biliary atresia (53.2%), metabolic disorders (14.8%) and fulminant hepatic failure (FHF, 10.5%,
Table 6). The primary diagnosis and up to three additional diagnoses are collected in the ANZLITR. There were 30
secondary diagnoses and no tertiary or quaternary diagnoses recorded for children.

Table 6. Diagnosis in children

. . . . . % of Children with . % of Children with
Diagnosis Primary Diagnosis . . . All Diagnoses K .
Primary Diagnosis Diagnosis

Biliary atresia 621 53% 622 53%

Metabolic disorders* 173 15% 176 15%

Fulminant hepatic failure# 123 11% 125 11%

Cancers 56 4.8% 67 5.7%
- Hepatoblastoma 41 3.5% 42 3.6%
- Hepatocellular carcinoma 10 0.9% 16 1.4%
- Histiocytosis X 5 0.4% 6 0.5%
- Cholangiocarcinoma 0 0.0% 3 0.3%
Alagille syndrome 44 3.8% 45 3.9%
PFIC 33 2.8% 33 2.8%
Cryptogenic cirrhosis 26 2.2% 26 2.2%
Cystic fibrosis 22 1.9% 22 1.9%
Autoimmune cirrhosis 12 1.0% 13 1.1%
Primary sclerosing cholangitis 9 0.8% 12 1.0%
Neonatal hepatitis 6 0.5% 6 0.5%
Caroli’s disease 4 0.3% 4 0.3%
Choledochal cyst 3 0.3% 4 0.3%
Intestinal failure associated liver disease 4 0.3% 4 0.3%
Congenital intrahepatic portosystemic shunt 3 0.3% 3 0.3%
Ductopenia 3 0.3% 3 0.3%
Secondary biliary cirrhosis 3 0.3% 3 0.3%
Autoimmune sclerosing cholangitis 2 0.2% 2 0.2%
Common variable immune deficiency 2 0.2% 2 0.2%
Gestational alloimmune liver disease 2 0.2% 2 0.2%
Hepatic veno-occlusive disease 2 0.2% 2 0.2%
Hepatopulmonary syndrome 0 0.0% 3 0.3%
Polycystic liver +/- kidney disease 2 0.2% 2 0.2%
Arterio-venous malformation 1 0.1% 1 0.1%
Bile salt synthetic defect 1 0.1% 1 0.1%
Congenital hepatic fibrosis 1 0.1% 1 0.1%
Cornelia de Lange syndrome 1 0.1% 1 0.1%
Enterovirus hepatitis 1 0.1% 1 0.1%
Established cirrhosis with marked cholestasis 1 0.1% 1 0.1%
Hepatic fibrosis / polycystic kidney disease 1 0.1% 1 0.1%
Hepatic lymphangiomatosis 1 0.1% 1 0.1%
Hepatitis B virus cirrhosis 0 0.0% 1 0.1%
Idiopathic copper toxicosis 1 0.1% 1 0.1%
Ischaemic sclerosing cholangitis 1 0.1% 1 0.1%
Ivemark Syndrome 0 0.0% 1 0.1%
Mainzer-Saldinho Syndrome 1 0.1% 1 0.1%
Nephronophthisis 0 0.0% 1 0.1%
Nodular regenerative hyperplasia 1 0.1% 1 0.1%
Total 1,168 100.0% 1198 102.6%

* See Table 9 for breakdown of metabolic disorders

# See Table 8 for breakdown of causes of fulminant hepatic failure
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10.2 Primary Diagnosis Trend in Children
The primary diagnosis indications for liver transplantation in children have remained relatively stable over time
(Figure 22).

Figure 22. Primary paediatric diagnosis
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10.3 All Diagnoses Trend in Children
All diagnosis indications for liver transplantation in children have remained relatively stable over time (Figure 23).

Figure 23. All paediatric diagnoses
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10.4 Diagnoses in Adults

Of 6,135 adults who underwent their first liver transplant in Australia or New Zealand, the most common primary
diagnoses were hepatitis C virus cirrhosis (18.5%), alcohol-related cirrhosis (14.4%) and hepatocellular carcinoma
(13.2%, Table 7).

The primary diagnosis and up to three additional diagnoses are collected in the ANZLITR. In addition to the 6,135
primary diagnoses, there were 2,686 additional diagnoses recorded for adults. The proportion of patients with
hepatitis C virus cirrhosis accounts for 18.5% as a primary diagnosis and 26.4% across all diagnoses. The proportion
of patients with hepatocellular carcinoma as a primary diagnosis was 13.2% and increased to 26.5% across all
diagnoses. The proportion of patients with alcohol-related cirrhosis as a primary diagnosis was 14.4% and increased
to 25.0% across all diagnoses.

Table 7. Primary and additional diagnoses in adults

. . . . . % of Adults with . % of Adults with
Diagnosis Primary Diagnosis . R . All Diagnoses . .
Primary Diagnosis Diagnosis

Hepatitis C virus cirrhosis 1138 19% 1617 26%
Cancers 850 14% 1706 28%
- Hepatocellular carcinoma 811 13% 1628 27%
- Cholangiocarcinoma 14 0.2% 49 0.8%
- Epithelioid haemangioendothelioma 14 0.2% 15 0.2%
- Metastatic neuroendocrine tumour 6 0.1% 7 0.1%
- Histiocytosis X 3 0.05% 3 0.05%
- Angiosarcoma 1 0.02% 2 0.03%
- Hepatoblastoma 0 0% 1 0.02%
- Secondary liver tumours - Colorectal 1 0.02% 1 0.02%
Alcoholic cirrhosis 886 14% 1534 25%
NAFLD / Cryptogenic cirrhosis 607 10% 810 13%
Primary sclerosing cholangitis 617 10% 644 10%
Fulminant hepatic failure# 545 8.9% 594 10%
Hepatitis B virus cirrhosis 337 5.5% 560 9.1%
Metabolic disorder* 246 4.0% 332 5.4%
Primary biliary cirrhosis 299 4.9% 303 4.9%
Autoimmune cirrhosis 206 3.4% 249 4.1%
Polycystic liver +/- kidney disease 79 1.3% 82 1.3%
Biliary atresia 58 0.9% 60 1.0%
Hepatic veno-occlusive disease 46 0.7% 50 0.8%
Cystic fibrosis 38 0.6% 38 0.6%
Secondary biliary cirrhosis 24 0.4% 27 0.4%
Hepatopulmonary syndrome 0 0.0% 21 0.3%
Caroli’s disease 20 0.3% 20 0.3%
Granulomatous hepatitis / sarcoidosis 15 0% 18 0.3%
Alagille syndrome 11 0.2% 11 0.2%
Hereditary haemorrhagic telangiectasia 10 0.2% 11 0.2%
Adenomatosis 5 0.1% 9 0.1%
Cholestatic cirrhosis / Secondary cholangitis 6 0.1% 9 0.1%
Nodular regenerative hyperplasia 8 0.1% 9 0.1%
Congenital hepatic fibrosis 7 0.1% 7 0.1%
Progressive familial intrahepatic cholestasis 7 0.11% 7 0.1%
Silrr:s'nzzls - Virus related cirrhosis - Other ) 0% 6 01%
Drug hepatotoxicity 5 0.08% 6 0.10%
Haemangioma 5 0.08% 6 0.10%
Portopulmonary hypertension 0 0.00% 6 0.10%
Ductopenia 5 0.08% 5 0.08%
Haemolytic uraemic syndrome 5 0.08% 5 0.08%
Intestinal failure associated liver disease 5 0.08% 5 0.08%

(table continued on next page)
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. . . . . % of Adults with . % of Adults with
Diagnosis Primary Diagnosis . R . All Diagnoses . .
Primary Diagnosis Diagnosis

Non-cirrhotic portal hypertension 5 0.08% 5 0.08%
Post hepatitic cirrhosis - Drug related 3 0.05% 5 0.08%
Recurrent cholangitis 3 0.05% 5 0.08%
Secondary biliary cirrhosis - hepatolithiasis 4 0.07% 5 0.08%
Chronic cholestatic liver disease 4 0.07% 4 0.07%
Oriental cholangiohepatitis 3 0.05% 3 0.05%
Choledochal cyst 2 0.03% 2 0.03%
Congenital biliary fibrosis 2 0.03% 2 0.03%
Other cirrhosis 1 0% 2 0.03%
Parasitic disease - Schistosomiasis (Bilharzia) 0 0.00% 2 0.03%
Portal biliopathy 2 0.03% 2 0.03%
Abernethy malformation 1 0% 1 0.02%
Acute alcohol-related hepatitis 0 0.00% 1 0.02%
Arterio-venous malformation 1 0.02% 1 0.02%
Biliary adenofibroma 1 0.02% 1 0.02%
Biliary papillomatosis 1 0.02% 1 0.02%
COACH syndrome 1 0.02% 1 0.02%
Common variable immune deficiency 1 0.02% 1 0.02%
Congenital heart disease 1 0.02% 1 0.02%
Drug induced cholestasis 1 0.02% 1 0.02%
Fasciola 1 0% 1 0.02%
Focal nodular hyperplasia 0 0.00% 1 0.02%
Graft vs host disease - bone marrow transplant 1 0.02% 1 0.02%
Hepatic fibrosis / polycystic kidney disease 0 0.00% 1 0.02%
Ischaemic sclerosing cholangitis 1 0.02% 1 0.02%
Liver trauma 1 0.02% 1 0.02%
Mesenchymal hamartoma 1 0.02% 1 0.02%
Parasitic disease - Infected hydatid cysts 1 0.02% 1 0.02%
Total 6,135 100% 8,821 144%

# See Table 8 for breakdown of causes of fulminant hepatic failure
* See Table 9 for breakdown of metabolic disorders

Abbreviations: COACH, cerebellar vermis aplasia, oligophrenia, congenital ataxia, coloboma and hepatic fibrosis; NAFLD, Non-alcoholic fatty
liver disease
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10.5 Primary Diagnosis Trend in Adults

The commonest primary indication for transplantation in adults was hepatitis C virus cirrhosis until 2014, after
which alcohol-related cirrhosis, non-alcoholic fatty liver disease and hepatocellular carcinoma have become the
commonest indications. The proportion of patients transplanted primarily for hepatitis C has decreased from
33.8% in 2012 to 1.4% in 2023 (Figure 24). The proportion of patients transplanted for alcohol-related cirrhosis has
increased from 15.9% in 2012 to 17.1% in 2023 and hepatocellular carcinoma has increased from 11.4% in 2012
to 19.9% in 2023. Over the same time period, the proportion of patients transplanted for non-alcoholic fatty liver
disease increased from 8.0% to 16.0%.

Figure 24. Primary diagnosis trend in adults
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10.6 All Diagnoses Trend in Adults

Including any diagnosis recorded for each patient, alcohol-related cirrhosis has become the commonest indication
for liver transplantation in adults, rising from 5.0% in 1988 to 28.5% in 2023. Hepatocellular carcinoma has increased
from 1.1% in 1993 to 28.5% in 2023 and non-alcoholic fatty liver disease has increased from 3.7% in 1996 to 25.6%
in 2023, commensurate with the obesity epidemic. Meanwhile, there has been a dramatic fall in hepatitis C virus
cirrhosis as an indication for liver transplantation, from a high of 41.8% in 2012 to just 10.0% in 2023. This reduction
corresponds to the time periods of initial compassionate availability in 2014 in Australia and subsequent wide
availability of effective direct acting antiviral therapy for hepatitis C virus in 2016 in Australia and New Zealand.

Figure 25. All diagnoses trend in adults
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10.7 Fulminant Hepatic Failure — All Diagnoses
Table 8 lists the detailed breakdown of the causes of fulminant hepatic failure as any diagnosis in children and adults.

Table 8. Detailed breakdown of fulminant hepatic failure category as a primary or additional diagnosis by age group

Fulminant hepatic failure Children Adults Total % of all patients
(<16 years) (>16 years)
Acute hepatic failure - Idiopathic 85 143 228 3.1%
Acute hepatic failure - Hepatitis B 0 107 107 1.5%
Acute hepatic failure - Other drugs 3 40 43 0.6%
Acute hepatic failure - Wilson’s 9 28 37 0.5%
Subacute hepatitis - Hepatitis B 0 37 37 0.5%
Subacute hepatitis - Type unknown 5 31 36 0.5%
Acute hepatic failure - Paracetamol 4 30 34 0.5%
Subacute hepatitis - Hepatitis C 0 34 34 0.5%
Subacute hepatitis - Autoimmune hepatitis 2 31 33 0.5%
Acute hepatic failure - Autoimmune hepatitis 1 27 28 0.4%
Subacute hepatitis - Drugs 1 19 20 0.3%
Acute hepatic failure - Herbs / mushrooms 0 13 13 0.2%
Subacute hepatic failure - Wilson’s 2 7 9 0.1%
Acute hepatic failure - Post-operative 2 6 8 0.1%
Acute hepatic failure - Alpha-1-antitrypsin 2 5 7 0.1%
Subacute hepatitis - Non A-G 0 6 6 0.08%
Acute hepatic failure - Budd Chiari 0 5 5 0.07%
Acute hepatic failure - Hepatitis A 1 4 5 0.07%
Acute hepatic failure - Toxic (non-drug) 1 4 5 0.07%
Acute hepatic failure - Acute alcohol-related hepatitis 0 3 3 0.04%
Acute hepatic failure - Other specified 1 2 3 0.04%
Subacute hepatic failure - Budd Chiari 1 2 3 0.04%
Subacute hepatic failure - Post surgical resection 1 1 2 0.03%
Subacute hepatitis - Hepatitis A 0 2 2 0.03%
Subacute hepatitis - Herbs 0 2 2 0.03%
Acute hepatic failure - Epstein-Barr virus hepatitis 1 0 1 0.01%
Acute hepatic failure - Hepatitis D 0 1 1 0.01%
Acute hepatic failure - Hepatitis E 0 1 1 0.01%
Acute hepatic failure - Herpes simplex hepatitis 0 1 1 0.01%
Acute hepatic failure - La foie vide 1 0 1 0.01%
Acute hepatic failure - Other virus 1 0 1 0.01%
Acute hepatic failure - Post traumatic 0 1 1 0.01%
Subacute hepatitis - Giant cell 1 0 1 0.01%
Subacute hepatitis - Ischaemic 0 1 1 0.01%
Total 125 594 719 9.8%

All patients 1,168 6,135 7,303
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10.8 Metabolic Disorders — All Diagnoses
Alpha-1 antitrypsin deficiency, haemochromatosis and Wilson’s disease were the most common primary or
additional diagnoses in the metabolic disorders category (Table 9).

Table 9. Detailed breakdown of metabolic disorders category as a primary or additional diagnosis by age group

Metabolic disorders (flheiljgz:‘s) (zf:::asrs) Total ;ﬁ hc',::tl!s
Alpha-1-antitrypsin deficiency 45 114 159 2%
Haemochromatosis 3 68 71 1%
Wilson’s disease 8 45 53 0.7%
Familial amyloid polyneuropathy 0 47 47 0.6%
Urea cycle disorders 39 7 46 0.6%
- Ornithine transcarbamylase (OTC) deficiency 25 1 26 0.4%
- Citrullinaemia, argininosuccinate synthetase (ASS) deficiency 7 1 0.1%
- Argininosuccinate lyase (ASL) deficiency 2 0.08%
- Carbamyl phosphate synthetase (CPS) 1 deficiency 3 0.08%
Primary hyperoxaluria 12 11 23 0.3%
Glycogen storage disease 5 16 21 0.3%
Crigler-Najjar 13 1 14 0.2%
Maple syrup urine disease 9 2 11 0.2%
Propionic acidaemia 10 0 10 0.1%
Homozygous hypercholesterolaemia 7 2 9 0.1%
Tyrosinaemia 8 1 9 0.1%
Bile acid synthesis / transport disorder 4 0 4 0.05%
Methylmalonic acidaemia 3 1 4 0.05%
Mitochondrial disease 2 2 4 0.05%
Other metabolic disorder 0 4 4 0.05%
Protoporphyria 0 4 4 0.05%
Protein C deficiency 1 2 3 0.04%
Carnitine acylcarnitine translocase deficiency 2 0 2 0.03%
Hereditary lysozyme amyloidosis 0 2 2 0.03%
Niemann-Pick type C 1 1 2 0.03%
Acute intermittent porphyria 0 1 1 0.01%
Factor V Leiden deficiency 0 1 1 0.01%
Familial immunodeficiency syndrome 1 0 1 0.01%
Indian childhood cirrhosis 1 0 1 0.01%
Polymerase gamma mitochondrial disorder 1 0 1 0.01%
Pyridoxamine 5-phosphate oxidase deficiency 1 0 1 0.01%
Total 176 332 508 7%
All patients 1,168 6,135 7,303
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11 Incidental Liver Cancer Found at Explant

All explanted livers are examined by a pathologist to provide a pathological diagnosis. This is then compared to the
listing diagnosis. An incidental liver cancer, as reported in this section, refers to a previously unknown liver cancer
type being detected at pathology. It does not include the finding of additional lesions of a cancer type already
identified at listing.

Incidental liver cancers were found at explant in 239 recipients (3.3% of transplanted patients).

11.1 Incidental Cancers Found at Explant in Children

Incidental liver cancers were found at explant in four children (0.3% of children transplanted). One child had both
HCC and cholangiocarcinoma found at explant, resulting a total of five new liver cancers identified (three cancer
types) occurring in four children (Table 10).

Two of these children have died but their death was not because of the incidental cancer diagnosis.

Table 10. Incidental cancers found at explant in children

Number % incidental % deaths for Died of this % patients

Incidental cancers — children incidental ° Deaths this cancer died of this
cancers cancer

cancers type cancer
Hepatocellular carcinoma 3 60% 1 33% 0 0%
Hepatoblastoma 1 20% 1 100% 0 0%
Cholangiocarcinoma 1 20% 0 0% 0 0%
Total incidental liver cancers in children 5
'Il:otal chlldrer; with one or more incidental 4 2 50% 0 0%
iver cancers
o o .
APaedlatrlc liver transplant patients 0.3% 0.2% 0%
(n=1,172)

* One child had both hepatocellular carcinoma and cholangiocarcinoma found at explant
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11.2 Incidental Cancers Found at Explant in Adults
Incidental liver cancers were found at explant in 235 adults (3.8% of adults transplanted). One adult had both HCC
and cholangiocarcinoma found at explant, resulting a total of 236 new liver cancers identified (Table 11).

One hundred and seven adults have died and in 37 adults (16%), their deaths were because of their incidental
cancer.

Table 11. Incidental cancers found at explant in adults

Number % incidental % deaths for Died of this % patients

Incidental cancers — adults incidental ° Deaths this cancer died of this
cancers cancer

cancers type cancer
Hepatocellular carcinoma* 177 75.0% 68 38% 13 7%
Cholangiocarcinoma* 46 19.5% 32 72% 20 43%
Adenocarcinoma 8 3.4% 6 86% 3 38%
Angiosarcoma 2 0.8% 1 50% 1 50%
Epithelioid haemangioendothelioma 1 0.4% 0 0% 0 0%
Fibrolamellar 1 0.4% 0 0% 0 0%
Metastatic neuroendocrine tumour 1 0.4% 0 0% 0 0%
Total incidental liver cancers in adults 236
'Il:otal adults \:nth one or more incidental 235 107 46% 37 16%
iver cancers
% adult liver transplant patients (n=6,136) 3.8% 1.7% 0.6%

* One adult had both hepatocellular carcinoma and cholangiocarcinoma found at explant
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11.3 Liver Cancer Known Prior to Transplant Versus Incidental Liver Cancer by Transplant Era
The number of patients found to have incidental liver cancer remains relatively stable (Figure 26).

Figure 26. Liver cancer known prior to transplant versus incidental liver cancer by transplant year
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12 Donor-Derived Cancer

There were seven cases of donor-derived cancers. Three recipients have died as a result of a donor-derived tumour.
One died of donor-transmitted melanoma, one from metastatic adenocarcinoma, most likely of colorectal origin,
and one from a tumour of unknown primary, with human leukocyte antigen (HLA) match with donor tissue typing.

Four recipients were retransplanted soon after a transplant due to a donor-derived tumour. One donor liver had
neuroendocrine tumours, one had metastatic adenocarcinoma of unknown primary, one donor liver had lymphoma
and one donor gall bladder had adenocarcinoma (liver was cancer free). Three of these patients were alive as of
31/12/2023. The patient who received th