W) Check for updates

Article type  : Original Articles

Title: Increasing incidence of nealcoholic steatohepatitis aan indication for liver

transplantation,in Australia and New Zealand.

Authors:
Bertot, LC', Jeffrey GP? Jacques B McCaughan & Crawford M, Angus P, Jones R
Gane B, Munn S, Macdonald GA Fawcett 3 Wigg A’, Chen J, Fink, M?, Adams LA

1. Medical'School, University of Western Australia, Nedlands Australia; Liver Transpl
Unit's of; 2«Sir Charles Gairdnéfospital, Perth, Australia; 3Australian National Liver

Transplant®Unit, Centenary Institute Royal Prince Alfred Hospital, Usityeof Sydney
Sydney Awustralia; 4. The Austin Hospital, Melbourne, Australia; 5. Auckland Citpitahs

New Zealand; 6. Princess Alexandtiospital, Brisbane, Australia; 7. Flinders Medical
Centre, Adelaide, Australia; 8. Department of Surgery, The University of MelbpAustin
Health.

Keywords:, Liver transplant, epidemiology, neaicoholic fatty liver, hepatocellular

carcinomagrends.

List of* abbreviations. Nonalcoholic steatohepatitis (NASH), orthotopic liver
transplantation (OLT), hepatocellular carcinoma (HCC), hepatitis C virus (HCV), hepatitis
virus (HBV), primary sclerosing cholangitis (PSC), cryptogenic ciihd€C), annual
percentage change (APC), Body mass Index (BMI), Model fordEmge Liver Disease score
(MELD), international normalized ratio (INR).

This is the author manuscript accepted for publication and has undergone full peer review but
has not been through the copyediting, typesetting, pagination and proofreading process, which
may lead to differences between this version and the Version of Record. Please cite this article

as doi: 10.1002/1t.25361

This article is protected by copyright. All rights reserved


https://doi.org/10.1002/lt.25361�
https://doi.org/10.1002/lt.25361�
http://crossmark.crossref.org/dialog/?doi=10.1002%2Flt.25361&domain=pdf&date_stamp=2019-01-04

Grantsand financial support:
Dr Luis Calzadilla Bertot has been awarded a scholarship from the Eoamdation of
Western Australia.

Conflictsof interest: None

Corresponding author:

Leon Adams

M503, Scheol of Medicine and Pharmacology, UWA, QEII Medical Campus
Verdun StgNedlands, WA 6009, Australia

T: +61 8 615171052F: +61 8 6151 1028 Email: leon.adams@uwa.edu.au

The worldwide increase in obesity and diabetes has led to predictions thatlaobwlic
steatohepatitis (NASH) will become the leading indication for orthotopic liver transplantation
(OLT). Data supporting this prediction from outside the United Statdisnited. Thus, &
aimed to determine trends in the frequency ofSWamongadultslisted and undergoing
OLT in Australia and New Zealand (ANZjom 19942017 Data from the ANZ Liver
Transplant Registry was analysedth patients listedfor fulminant liver failure, re-
transplantatioror: multi-visceral transplantexcluded Non-parametric trendSpearman rank
correlationand regression analysis were used to assess trends in aetiologies of dase dis
over time. ;0f=5016 patient’'s wait-list registrants a total of 3470 received an OLTThe
percentage of patientsith NASH activated forOLT increased significantly from2.0%6 in
2003to 10.9%"in 201 trend analyse p<0.001)In 2017 NASH wasthe third leading cause
of chronic liver disease amongait-list registrants behind chronic hepatitis(£9.8%) and
alcohol (6.1%). _Similarly, dgnificant increasge overtime in the percentage gbatients
undegoing OLT were observed foHCV and NASH (all trend analyse p<0.001)but with
significant reductions in primary sclerosing choland®@$SC)and cryptogenic cirrhosigoth
p<0.05). By 2017 NASH was thethird leading cause of liver disease among patients
undergoing, OLT(12.4%) and behind chronic hepatitis (30.2%) andalcohol (18.2%).
NASH also becme third mostfrequent aetiology of chronic liver disease in patients
transplanted 13.8%) with concomitanthepatocellular carcinomby 2017 In conclusion
NASH is increasing as a primary aetiology of liver disease requiisiopng and liver
transplantation in Australia and New Zealand.
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Introduction

As the prevalence of obesity increases around the wbyldhe liver-related manifestations
of nonalcoholic fatty liver diseasedNAFLD) and noralcoholic steatohepatitis (NASH) are
increasingly diagnose@) The presence dIAFLD parallels the obesity epidemic with up to
84-96% of morbidly obese patients shag histological evidence oNAFLD.(3, 4) In
developng countries up to one fifth of patients have evidencédNAFLD and data from

develop countries indicates a prevalence up 6.3

Although NAFELD has a benign course in the majority of individuals, a propasfipatients
develop NASHrelated cirrhosis with risk of liver decompensation or hepatocellular
carcinoma«(HEG)both of which are indications farthotopicliver transplantatiodOLT).(5,

6) As NARLD:has a very high prevalenagethe general populatioreven a relatively small
proportionsof ‘patients developing esthge liver disease will result in a&ignificant
populationhealth burdehe United StatefUS) has hadhe highest prevalence of severe
obesity for,several decadgd. Consequently, it is not surprising that recent data has
demonstrated that NASH is becomiran increasingly commorindication for liver
transplantationoverall andis already the second most common indication for liver
transplantation in patients with HCC in the U8:-11) In contrastthe demand for liver
transplantdon. for hepatitis C has declined since 2015 following the introduction of safe and
effective direct/acting antiviralsConsequently, current trends suggésat NASH will
surpass @patitissC as the most common indication for liver transplantatiaine United
Stateswithinithesnext 10 years.(12, 13).

The prevalence abbesity (14) and diabetes(15) in Australia and New Zealand are almost
similar tothe US'and thusa similar trend in the setting of liver transplantatioansicipated

in the next fewsyears. An increasing health burden related to NASH would dhesudy
importantiimplications for phlic health strategies and resource allocation as well as direct
implications for patients competing on liver transplant waitligtsis current study evaluates
the trends in transplantation for NASH Australia and New Zealan(ANZ), where the
prevalence of NAFLD is similar to UE6). Our specificaims wereto determine the annual
frequency andemporal trends irthe diagnosiof NASH related cirrhosis, among patients
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with chronic liver disease with and without HC@ho were activated for transplantation

and who underwent transplantation from 1994 to 2017.

Patients and methods

A retrospective database review of thZ liver transplant registry data was performed for
all patients_aged >18 years who wésted for liver transplantatiobetween Decembe3l,
1994 and Decembe&1, 2017 The ANZ liver transplant registry is a prospectively collected

databasé&rom,the fiveliver transplant units in Australia and the single unit in New Zealand

Only patients listed electively for primary isolated liver transplantation were includedin thi
study. Recipient variables attime of transplantationincluded age;gender; ethnicity
(CaucasianAsian, other);weight; specificcomorbidities (diabetes mellitus, hypertension,
coronary artery, disease); Model for Estdge Liver Disease scoréELD), specific
laboratory variables [total bilirubirinternational normalizedatio (INR), creatinine, albumin
level), presence of HC@nd aetiology of the underlying liver disegpemary andsecondary
transplant indication)ror the purpose of the primary outcome analysis among patients with

HCC, we considered the underlying liver disease based on the secondary diagnosid provide

Follow up datawas maintained by each unitith regular clinic review of transplant

recipients.

The primary outcome wase trendin annual rates of listing and transplantation N#xSH
related chronic'liver diseas&econdary outcomes includes the trandnnual rates of listing
and transplantation fo4ASH relatedHCC.

Statistical analysis

Clinical and'demographic characteristic at time of transplantation were described as the mean
and standard deviation when normally distributed and as the median (including minimum to
maximum _values) when not normally distributed. TMannWhitney test was used to
compare means between cohorts and categorical variables were compared using the Pearson

chi squared test.

For the trend"analyss,the percentage of activated and transplanted patients according to the
underlying “aetiology of chronic liver diseaseere calculatedfor each calendar year.
Subsequentlythree typs of different trend analgswere performed 1) nonparametric test

of trends, 2)Spearman ranlcorrelation using percentagef patients withina specific
aetiology and calendayear were used toanalysetrends between 1994 to Z0&nd 3)

regression analysis using joint poittsexplore specifi@annual percentagehangeqgAPC).
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Additional trend analysis in boliver transplant registrants and recipients with NASH were
conducted for ge (median age for each year), gender (proportion of male/females each year)
and ethnicity (proportion of Caucasians, Asian and attiericityeach year)Trend analyse

in activated patients welemited to betweer2003 to 27 becauseof missing datebefore

2003. The analysis was repeated in thgbgroup of patients with HCCAnalysis in the
cohort of patients with HCC waserformedfrom 2004 to 2017/As no NASH patients with

HCC underwent OLT prior to 2004No missing data werenfind for transplantegatiens.
Analysis, was performed using STATAsoftware release 14 and Joint Point regression

software release 4.3.1.0.
Results
Cohort overview

From 1994st0:2017, 501gatients were activated for a liver transplen®ANZ liver transplant
centres; 356patients were excluded (fulminant liver failure;trensplant or multorgan
transplantyand 3170 underwent OLT (Figure 1). Over study period, the commonest
underlying-aetiologiesf liver diseas in listed patientsvere hepatiti<C virus (HCV) (35%),
alcoholc liver disease (16%)primary sclerosing cholangitiéSC)(9%), hepatitis B virus
infection (HBV) (9%) NASH (6%) and cryptogenic cirrhosis (CC) (4%)ther aetiologies
(including metabolic, no#®SC cholestatic disease and #@C tumours)represented the
remaining"2% of the cohort. Asimilar distribution ofaetiologies of liver diseaseas seen in

patients undergoing OLT.

Trendsin aetiolegy of liver diseasein patients activated for liver transplantation.

The annuapercentage of activated patients stratified by aetiology is shéwgime 2. HCV
and alcohol related liver diseassere the leading indicatios for listing for liver
transplaration from 2003 to 20173%6 and 16 %respectively. There was naignificant
change in“the frequency of these aetiologies dherstudyperiod (Table 1)In contrast
during the same time period, the proportiorpafients listedor NASH-related liver failure
increased and the proportion listed for HBAlated liver fdure decreasedy 2017, NAFLD
(10.9 %) had surpassediBV (7.9%) and PSC1.6% and become the third most common
indication for listing for liver transplantationSpecific trend periods analysis shows
significant annual percentage chas@®PC) for NASH betweenthe period from 2002005
and 204-2017 On the contrary the percentage of waitlist registrants with HBV and CC

demonstratea significant decrease in the whole period analysed accordingntb analysis.
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No significantchanges irthe percentagef activated patients/ere observedor the other
aetiologieqTable 1).

Trendsin liver,transplantation

Figure 3 andTable 2 show the annuapercentage and trenanalygs of patientswho
underwentOLT stratified by aetiologyrom 19942017.HCV wasthe leadingcause of liver
transplantation during éstudy period, accounting of30 % of liver transplants. The
proportion of liver transplants performed foilCM-related liver failure increased over the
study peried.sThemost significantAPC for HCV was observed between tperiodsfrom
2006 to 2022.

The proportion of liver transplants performed ASH also increasedignificantly over the
study perigdirom 0% in 1994 tdl2.4% in 20T/ (table 2) In the period 1994 to 2004, the
percentagenefspatientgho underwent liver transplant for NASH incredsearginallyfrom
0% to 2.4%. 'In the subsequeri ylear period, the percentagé MASH patients increase
from 6.8% ih 2005 tdl2.4% in 2017where it was théhird leading aetiology o€hronicliver
disease There was a significant increase in thelocity of transplantation foNASH
observed_between 2004 and 2006 (APC£8246, p< 0.005)and also from 2009 to 2017
(APC=11.82 %, p< 0.005)

The propartion.of subjects transplanted for alcohol related liver diseasmnedconstant
whilst the gropaortion of patients transplanted PSCand CC decreased during the study
period.

Trendsin waitlist and transplantation: 2013-2017

To explorespecific changes within the last five yeé2913-2017)3uring which directacting
antiviral therapy became available for chronic HCV infecti@ conducted an additional
trend analysisin’ both waitlist registrants and recipientver this perioda sigificant
decrease wageted in the proportion ofiCV activated patient$42% in 2013 to 29%in
2017,APC=9.61 %, p= 0.05) and HCV transplanfeatients(43% in 2013 to 29% in 2017
APC=9.61 %, p= 0.20), shown iBupplemental dble 1, 2. On the contrarthe proportion

of NASH liver transplant registrants increased from 8.5% in 2013 to 11% in 2017 (APC=9.40
%, p<0.05). Similarly the percentage of NASH liver transplant recipients increased
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significantly from 9.2% to 12.4% (APC=8.20 %, p<0.05). No sigrafit changes were
observed for PSC, alcohol or HBV aetiologies. See Supplementary table 1 and 2.

Trendsin age, gender and ethnicity of transplant registrants and recipients, 2003-2017
Between 2003 and 2017 the median age of liver transplants regisigaiticantlyincreased
from 51 to'57years(z =3.41, p<0.00L(p= 0.91, p<0.001)Analysing the same peripthe
overall median age dASH registrantavas 57 yeargrange 2673) but no significant change
was observedz =0.34, p=0.73),0& 0.23, p=0.71 Similarly, the median age of recipients
increasedignificantlybetween 2003 (52 years) to 2017 {g&rs)(z = 3.40, p<0.001(p=
0.90, p<0.001inithe overall cohort, but not fINASH patientgz =1.44, p=0.14),p= 0.38,
p=0.15).

Overall, male waitlist registran{g8%)and liver transplant recipients (79%gre
predominant.in.the cohoro significant change in gendeas observed within the whole
cohort or withinNASH patientsover the period analysed (z =0.23, p=0.833, (.06,

p=0.82).

Caucasianwas=the commonest ethnicity amoagtivated (65%) andransplanted 70%)
patients. Asian patients accountetbr 8 and 9 percent of registrants and recipients
respectivelyOther ethnicities (Pacific Islander, Polynesiaboriginal, Hispanics, Africans)
represente@7% of activated and 30% of transplanted patieespectively No significant
change _over timeazurred in ethnicity in both transplant registrafgs=1.21, p=0.22),p&
0.32, p=0.24)and recipient4z=0.25, p=0.82), p= 0.08,p=0.72) Similarly, there was no
differencetover time in ethnic groups when analysing only NAFLD patients.

Listing and.transplantation for NASH and Cryptogenic Cirrhosis

In contrast*to"NASH,there was areduction in both thefrequency oflisting and
transplantation=for CC ding the study periad To examine for the impact of possible
misclassification of NASH as CC, the phenotypic profiles of patients with NASH &d C
patients at the time of transplantatiere compareds(pplementall able 3). In contrast to
CC patients, NASH recipients had significantly higher proportion of diabetBgus€50%

vs. 16%;Pp<0.001), hypertension (18% vs. 7.5%, p=R)Qhd coronary artery diseafEl%

vs. 3%,p<0.00%"as well as highemmeanbody weight at the time of transplantati®3.8 kg

vs. 68.1kg, p<0.001)suggesting a low misclassification ratéurthermore, when NASH and

CC were combined for trend analysis, there remained a strong and significaaséin both
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activated (2002017) and transplanteplatients(1994-2017) &ll trend analysig<0.035.
SupplenentaryFigures 1, 2

Hepatocellular carcinoma: Trends in underlying aetiology of chronic liver disease in
listed and transplanted patients.

From 2004 to 2017894 patients with the diagnosis of HCGwere listed for liver
transplantatiorof whom 676 were transplantedDf those patients transplanted for HCC, the
underlyingaetiology ofchronic liver disease was HCV in 8 HBV in 21% , alcoholic liver
disease in 9YANASH in 86 andcholestatidiver diseasdincluding PSC and primary biliary

cirrhosis )in,3%:¥

HCV was the most common underlying liver disease in patients listed for HG@Hout
the study peried-and the proportion actually increased from 51% in 2004 to 64% i(s@817
Figure 4). During the same period, the proportion of patients listed for H&Qundterlying
NASH increased from 4% 2004 t09% in 2016/17. The proportion oHBV related HCC
among waitlist“registrants decreased significafityn 33.3% in 2004 to 20% in 201
(Figure 4). No significant changes were observed ¢bolestaticand alcohol related HCC
(Table3).

Similar trends.were seen for patients who were transplanted for HCEigre 5). HCV

was the“mest'ecommon underlying liver disease in pati¢rgssplantedor HCC and the
proportionincreased between 2004 and 20Mbst significant increased were noted in the
period (20092012) (APC=10.70 %, p< 0.005). In contrast the proportion of HCC related
HBV significantly decreased between 2004 and 2017.

During thessame period, theercentagef patients listed for HCC wit underying NASH
increaseds from= 4% to %4, becomingthe third leading cause foHCC-related liver
transplantatioirom 2015,and showingsignificantincrease onrendanalygsspecifically in
the period from2013 to 2017 (APC=28.82 %, p< 0.00B3ble 4). The other aetiologies of
liver disease relateCC in liver transplant recipients did not change significantly during the

period analysed.

Discussion
Analysis of trends in liver transplantation provides an impoitsight intothe current and
future disease burden associated with specific chronicdigeasesOverthe last 2 yearsto
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2017, HCV has clearlyemainedhe leading indication for liver transplantation in Australia

and New Zealandaccounting for one third of aldultliver transplants and 60% of HCC
related transplants. Alcohol related liver disease has remained the second leading cause for
transplant, consistently accounting for approximatedyolof all transplants, but a less
common cause of transplants retite HCC. Notably howevethe disease burden associated

with NAFLD has rapidly increased over the past 2 decadd#®\SH is now tke third most
common indication for both waitlist registration and for liver transplantation in Australia and

New Zealand.

Severalstudiesfrom the US have demonstraiecteasing proportions of transplants being
performed for underlyinlASH. Analysis of the Scientific Registry of Transplant Recipients
and (UNOS/OPRTN) databaskas shown significant increases in the number and proportion
of NASH transplanted patienia the United Statesince 2001(17-19) In 2008,NASH
surpassed alceholic liver disease to become the second leading aetiology for live
transplantation”in the U&ccounting for 17% of transplants by 20049). Within Australia

and New Zealand, NASH currently only represents approxima@¥y af all transplants.
Similarly, a recent analysis of the Nordic Liver Transplant Registry demonkstthéd
NAFLD as indication for liver transplant increased significantly betw&994 to 2015 but
only represented six percent of adult liver transplants betwethZM 5.(20)it is notable

that thevelocityyof obesity rates increased significantly in Australiarati@d5 from an
average increase of 3.1% per decade to 6.0% increase per ecadesequently, there was

a significant increase in NASH related transplantation one decade later (Table 2)
demonstrating=the laaterm sequelae of obesity related liver diseagedditionally, the
epidemic of obesity, which underpins the development of NAFLD, occurred in Australia a
decade laterithan the W$), suggesting that rates of eathge liver disease and HCC related

to NASH in Australia will continue to increase to mirror the experience in the@i&n the
development of cirrhosis due to NASH typically occurs over several de(2tled is also

likely that_the impact oNASH on demand for liver transplantation will be delayied
countries where the obesity epidemic is relatively redeid. possible that different natien

wide strategies'of tackling obesity may also impact on future transplant rates for NAFLD.

In contrast tosthe increase in transplantation for NAStHer aetiolgies of cirrhosis are
reducing in frequency. heintroduction ofsafe and effective direct acting antiviral therapy
for HCV hasreduced th@umber of patients listed for liver transplantation by more than one
third since 2015 in North Ameridd0, 22) and Europe,(23-28nd thesame reduction its
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likely to occurredin Australia and New Zealand within the next few yeamgleanwhile,
thenumber of liver transplants for HBV have decreased steadily thanks to univeosatal
vaccination andvidespread access to safe and effective oral antiviral therapy for patients
with chronic hepatitis B(29, 30) A similar reduction in HBV related activation and
transplants was observed in Australia and New Zealand

A recent trend analysis of the most common causes of chronic liver disease among liver
transplant.candidates with HG@the US showed a significant increase in the proportion of
NAFLD patients, from 2002016 with NAFLD represeirtg the fastst growing indication

for OLT.(11) Qur analysis showed that between 2015 a6d7, NASH becamehe third
aetiology /amongHCC waitlist registrants. Additional contributing factorgere the
significant decrease in the prevalence of HBV related HCC in the waiting list and the stable
trend of alcohol related HCC.

It is possible thathelack of recognition oNASH asaetiology in thdirst decade of the study
lead toa potential misclassdation of NASH cirrhosis a€C. Contrasting trends in liver
transplantation for NASH and CC have also been founthelJNOS databashere the
percentag®f NASH cirrhosis as an indication for OLificreased from 1% to % between
1994 to 2016 whereasryptogenic cirrhosis fell from 15% to%.(31, 32) In this cohort,
NASH subjects,were more likely to have diabetes and be obese than CC patients. Similarly
in the ANZ cohert the metabolic characteristics NASH patientswere different ompared

to those with€C, being older witha significantly greater body weight and prevalence of
cardiometabolic comorbidities (diabetes, hypertension and coronary artery disease)
suggesting that=misclassification was minimdh addition, when cryptogenand NASH
patients were combined, the increase in trend for transplantation remiorey siggesting

a true increase’in transplantation requirements for NASH.

Our findings _have importaminplicationsfor the ongoing and future policy in liveransplant
settings..With-NASH likely to continue to increase as aatiologyof liver disease requiring
transplantationearly recognition oNASH in primary careclinics andidentificationof high
risk patients*withsubsequentailored management areandatory in ordeto decrease the
proportionsof patients progressing to estdge liverdisease and HCCCurrently, NASH
related cirrhosis,is frequently missed as a diagnosis with the consequence of gyegémtin
more advanced liver disease and H®@&eby limiting potential curative options including
transplantation.(33n addition with the increasing prevalenoémetabolic factorgdiabetes,
overweight or obesi)ywhich have anegative impact on waitlist dreput rates(34) and
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survival postliver transplant(35) strategies to optimize weight and diabetes control and

avoid sarcopenia should be prioritized in these patients within liver transplant psogram

In conclusion this study demonstratbat NASH is a rapidly growing indication for liver
transplantationn Australia and New Zealandl'hese data confirrthe trends seen in the US,
however_suggests that further significant increases in NASH cirrhogissociationwith
reduction in"HCYV related cirrhosis is required before NASH will become #Huing cause

for transplantationWith the ongoing epiderits of diabetes and obesityjcreased awareness

of NASH coupled with effective lifestyle and pharmacotherapeutics are required to reverse

the significantly‘increasing requirements for liver transplantation.
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Figurelegends

Figure I=Patients activated and transplanted in Australia and New Zealand (1994-2015)

accor dingtoaetiology of liver disease

Figure 2. Annual frequency of liver disease aetiology, among patients activated for liver

transplant

Figure 3. Annual frequency by aetiology of liver disease, among patients undergoing

liver transplant

Figure 4. Annual frequency of liver disease by aetiology, among patients

with hepatocellular carcinoma activated for liver transplant
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Figure 5. Annual frequency by aetiology of liver disease among patients

undergoing liver transplant with hepatocellular carcinoma

Supplemental Figure 1. Annual frequency of liver disease activated for liver transplant
NASH, Cryptogenic cirrhosisand NASH plus cryptogenic cirrhosis. 2003-2017

Foot note Trendianalysisfor the combination of NASH and CC.

Supplemental™Figure 2. Annual frequency of liver disease among patients undergoing
transplant fer«NASH, Cryptogenic cirrhosis and NASH plus cryptogenic cirrhosis.
1994-2017.

Foot note: Trend analysisfor the combination of NASH and CC.
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Table 1. Trend analysesfor aetiology of chronic liver disease among patients activated for liver
transplant in Australia and New Zealand 2003-2017.

Aetiology

Type of HCV HBV Alcohol | PSC NASH cc
analysis
Non z=0.16 z=-245 | z=0.98 z=0.05 z=3.03 z=-2.34
parametric p=0.87 p=0.01 | p=0.32 p=0.95 | p<0.001 p=0.01
test of trends
Spearman p=0.04 p=-0.65 | p=0.26 p= 0.21 | p=0.81 p=-0.69
rank p=0.87 p=0.00 p=0.26 p=0.95 p<0.001 p=0.00
correlation
Joint point P<0.05
Regression NS NS NS NS 2003-2005 NS

NAPC=83.29

2014-2017
NAPC=9.35

A The AnnualyPercent change (APC) is significantly different from zero at alpha=0.05

All trend analysis‘are based in the percentage of transplanted patients for each aetiology in a

calendar year.
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Table 2. Trend analysesfor aetiology of chronic liver disease among liver transplant recipients
in Australia and New Zealand 1994-2017.

Aetiology
Type of HCV HBV | Alcohol PSC NASH cc
analysis
Non z=327 z=-139 | z=2.16 z=-2.37 z=4.38 z=-3.69
parametric p<0.001 p=0.16 | p=0.03 p=0.01 p<0.001 p<0.001
test of trends
Spearman p=0.68 p=-0.37 | p=0.44 p=-0.49 p=0.91 p=-0.76
rank p<0.001 p=0.07 p=0.02 p=0.01 p<0.001 p<0.001
correlation
Joint point P<0.05 P<0.05
Regression 2006-2012 | NS NS NS 2004-2006 NS
NAPC=4.97 NAPC=72.18
P<0.05
2009-2017
NAPC=11.82

A The Annual Percent change (APC) is significantly different from zero at alpha=0.05

All trend analysis are based in the percentage of transplanted patients for each aetiology in a

calendar year.
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Table 3. Trend analysesfor aetiology of chronic liver disease among patientswith

hepatocellular carcinoma activated for liver transplant in Australia-New Zealand 2004-2017.

Aetiology
Type of HCV HBV Alcohol | Cholestatic | NASH cc
analysis disease
Non z=2.90 z=-259 | z=0.46 z=-1.34 z=1.53 z=-2.15
parametric p=0.00 p=0.01 | p=0.64 | p=0.18 p=0.12 p=0.03
test of trends
Spearman p=0.80 p=-0.71 p=0.12 p= -0.37 p=0.42 p=-0.59
rank p>0.001 p=0.00 p=0.66 | p=0.19 p=0.13 p=0.02
correlation
Joint point NS NS NS NS NS NS
Regression

All trend analysissare based in the percentage of activated patients for each aetiology in a calendar

year.

This article is protected by copyright. All rights reserved




Table 4. Trend analysesfor aetiology of chronic liver disease among patientswith

hepatocellular carcinomawho underwent liver transplant Australia-New Zealand 2004-2017

Aetiology

Type of HCV HBV Alcohol | Cholestatic | NASH cc
analysis disease
Non Z.=2.45 z=-2.79 z=1.02 z=-2.15 z=2.03 =-1.82
parametric p=0.01 p=0.00 p=0.30 p=0.03 p=0.04 p=0.06
test of
trends
Spearman 0= 0.68 0=-0.77 0=0.28 | p=-0.59 0=0.56 p=-0.50
rank p<0.001 p=0.00 p=0.44 p=0.02 p=0.03 p=0.06
correlation
Joint point P<0.05 P<0.05 NS NS P<0.05 NS
Regression 2009-2012 | 2009-2012 2013-2017

NAPC=10.70 | "APC=-17.63 NAPC=28.82

A The Annual'Percent change (APC) is significantly different from zero at alpha=0.05

All trend analysis are based in the percentage of transplanted patients for each aetiology in a

calendar year.
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