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There has been a consistent change in the indications for liver 

ransplantation (LT) around the world in the last decades. Thanks 

o effective vaccination programs and extended use of nucleo- 

ide/nucleotide analogs [1] , a progressive decrease in LT waitlist- 

ng for Hepatitis B Virus (HBV) related cirrhosis has occurred, at 

east in Western countries [2 , 3] . The availability of Direct Antiviral 

gents (DAAs) has enabled 95% of patients with HCV to be cured, 

esulting in decreased LT for HCV-related end-stage liver disease 

ESLD) in many countries [4] . The worldwide spread of obesity, 

nd the associated increase of metabolic syndrome, has resulted 

n more LT candidates with metabolic-associated fatty liver disease 

MAFLD) [5] . Similarly, the proportion of LT candidates listed due 

o alcohol-related liver disease (ALD) has increased sharply, both 

n the US [6] and in Europe [7] , with greatest burden in Northern

ountries. In contrast, LT registrations for cholestatic liver disease 

howed a decreasing trend, accounting for less than 10% of LT in- 

ications in the US [8] , Australia, and New Zealand [9] , while being

ore frequent in the United Kingdom [10] . 

In Southern Europe, few studies have explored the impact of 

he changing epidemiology of liver disease on LT activity. We 

imed to investigate the evolution of LT indications and the un- 

erlying disease etiologies based on registry data from the Italian 

ational Transplant Center (CNT). 

. Material and methods 

Since January 1, 2004, data referring to all adult LT candi- 

ates from 22 Italian Transplant Center were prospectively col- 

ected from the electronic Transplant Informative System (TIS) de- 

eloped by CNT [11] . Initially, limited data from transplant candi- 

ates were collected (first name, surname, age, sex), together with 

efinite clinical variables (reason for listing, underlying disease eti- 

logy, model for end-stage liver disease [MELD], AB0 group, listing 

ate) [12] . From May 2012, a revised form of TIS was implemented 

hat included more comprehensive clinical records of candidates 

nd organ donors. The revised TIS was based on an XML protocol 

Simple Object Access Protocol, SOAP) ( 13] . 

The two principal aims of this study were to analyze the yearly 

hanges occurred in Italy in: 1) the primary indications for LT wait- 

isting; 2) the etiologies of underlying liver diseases of LT candi- 

ates. 

The study was approved by the ethics committee of the pro- 

oting center (Policlinico Tor Vergata; N: 256.20). 
2 
des relevant epidemiological changes of liver diseases have occurred, to-

eatment opportunities. 

ications for elective adult liver transplantation and the underlying disease

 

e National Transplant Registry a cohort comprising 17,317 adults patients

splantation from January-2004 to December-2020. Patients were divided

2012–2014) and 3(2015–2020). 

sis decreased from 65.9% in Era 1 to 46.1% in Era 3, while those for HCC

Comparing Eras 1 and 3, waitlistings for HCV-related cirrhosis decreased

for HCV-related HCC increased from 8.5% to 26.7%. Waitlistings for HBV-

ost unchanged (13.2% and 12.4%), while those for HBV-related HCC in-

-related cirrhosis decreased from 16.9% to 12.9% while ALD-related HCC

n liver transplant waitlisting for HCC and a concomitant decrease of wait-

ed In Italy. Despite HCV infection has noticeably decreased, still remains

ing for HCC, while ALD and HBV represent the main causes for cirrhosis. 

troenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.

.1. Database, inclusion criteria, and data encoding 

Data were recruited from the TIS database, appropriately cat- 

gorized following revision of possible conflicting data. The study 

ohort included: adults (age ≥ 18 years) waitlisted for primary LT 

n Italy between January 1, 2004, and December 31, 2020 with no 

issing/uncertain data on indication at waitlisting. Pediatric pa- 

ients, candidates with acute hepatic failure, and adults requiring 

ombined transplantation or re-transplantations were excluded. 

We analyzed the following variables: primary indication for LT, 

tiology of underlying liver disease, date of listing, MELD score, age 

t listing, sex, blood group, Body Mass Index (BMI), and the pres- 

nce of dyslipidemia, diabetes, or arterial hypertension. 

The primary indications for LT were categorized as follows: 

) cirrhosis; b) hepatocellular carcinoma (HCC); b) MELD excep- 

ions; c) non-HCC malignancies; d) “other indications” (Supple- 

ent Table 1). Patients waitlisted for HCC were identified by cross- 

atching all available records. Whenever the term HCC was men- 

ioned in the TIS, HCC was considered as primary indication. The 

ELD exceptions category included liver diseases qualifying for 

ELD exception points, as indicated by the evolving CNT rules dur- 

ng the study period [May 2007; April 2011; and March 2017 state- 

ents] [14] . 

The underlying disease etiologies were categorized as follows: 

) virus related; b) alcoholic/Laennec; c) idiopathic; d) autoim- 

une; e) drug-related; f) hereditary/genetic; g) MAFLD; h) other 

etabolic liver disease and i) “other etiology” (Supplement Table 

). Concerning HCV and HBV infections, LT candidates were cat- 

gorized after cross-matching the information on disease etiology 

ith the presence of one or more virological blood markers (HBV- 

NA, HCV-RNA, HBsAg, HBsAb, HBcAb, HCV-Ab). In case of mul- 

ifactorial etiologies, HCV infection was considered the leading un- 

erlying disease etiology. In the absence of HCV, HBV infection and 

lcohol were considered as leading etiologies in hierarchical order. 

LT candidates were categorized as being affected by MAFLD, a 

erm introduced in 2020 [5] , when one or more of the following 

erms were registered: NASH (non-alcoholic steatohepatitis), cryp- 

ogenic cirrhosis with a BMI ≥30, etiology not available but a BMI 

30, dysmetabolic/metabolic syndrome with a BMI < 30 associated 

ith dyslipidemia, diabetes or both, dysmetabolic/metabolic syn- 

rome regardless of BMI and dyslipidemia, cryptogenic (cirrhosis) 

ith a BMI < 30 associated with dyslipidemia, diabetes or both, or 

n unavailable etiology with a BMI < 30 associated with dyslipi- 

emia, diabetes or both. 
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The study cohort was grouped into three eras: Era 1 from 2004 

o 2011, Era 2 from 2012 to 2014, and Era 3 from 2015 to 2020.

hese intervals were chosen due to the implementation of the TIS 

atabase in 2012 and the opportunity to treat HCV-infected pa- 

ients with DAAs from early 2015. 

Among LT candidates with HCC, 23.3% of cases had miss- 

ng data on the underlying etiology. As the majority of these 

67.7%) were waitlisted between 2004 and 2011, we choose to 

estrict the complete analysis of the HCC group to the period 

anuary 2012-December 2020, when missing data were less than 

0%. 

.2. Statistical analysis 

Most variables showed skewed distributions with significant 

epartures from the normal density; therefore, a non-parametric 

pproach was preferred in the analysis. Continuous variables were 

ummarized by median, first and third quartiles. Categorical vari- 

bles were described by absolute frequencies and percentages. 

For categorical variables, to compare groups we used the 
2 test (or Fisher exact test in the case of sparse tables). For con- 

inuous varaibles, comparison of 2 groups was based on Student t - 

est (or Wilcoxon rank-sum test when a significant departure from 

ormality was detected); in case of more than 2 groups classical 

NOVA was used (Kruskal-Wallis test when a significant departure 

rom normality was detected). 

To predict the probability of patients to be waitlisted according 

o different indications and disease etiologies until 2025, a nomi- 

al logistic model was used, adjusted for age and sex, where the LT 

ndications were grouped only as cirrhosis HCC and “other”. Gen- 

ralized logits were chosen as a link function. Parameters were es- 

imated by the maximum likelihood method and analysis of vari- 

nce. Predicted probabilities were obtained by back-transforming 

he corresponding estimated values for the linear predictor. The 

onfidence limits are based on the profile-likelihood function. 

nalyses were conducted using SAS, version 9.4 (SAS Institute Inc., 

ary, NC, USA) and R, version 3.4 (The R Foundation for Statistical 

omputing). 

. Results 

Of the 24,021 patients who passed through the LT waiting 

ist from January 01, 2004, to December 31, 2020, 17,317 [median 

ge: 55 (IQR = 49–61) years, males: 13,115 (75.7%)] represented the 

tudy cohort. 

Over the entire period, the primary indications for LT were as 

ollows: cirrhosis in 9586 cases (55.4%), HCC in 6 86 8 (39.7%), other 

ndications in 520 (2.9%), MELD Exceptions in 222 (1.3%), non-HCC 

alignancies in 131 (0.7%). The median MELD score at listing in 

egistrants with cirrhosis and HCC was 16 (IQR = 13–21) and 11 

IQR = 8–14), respectively. The predominant underlying disease eti- 

logies were hepatitis virus infections (HCV; n = 6767 [43%] and 

BV; n = 3332, [21.2%]), followed by ALD ( n = 2533 [16.1%]), au- 

oimmune diseases ( n = 964 [6.1%]), idiopathic diseases ( n = 531 

3.4%]) and MAFLD ( n = 513 [3.3%]). Age was significantly differ- 

nt among different etiologies ( p < 0.0 0 01): patients waitlisted with 

ALFD were the oldest (median age: 59 [IQR = 54–64] years), those 

ith non-HCC malignancies (median age: 47 [IQR = 37–55] years) 

r other metabolic liver diseases (median age: 42 [IQR = 29–53] 

ears) were the youngest. The median age was similar in patients 

ith HCV (55 years [IQR = 50–60]) and HBV infection (57 years 

IQR = 50–62]) and with ALD (55 years, IQR = 49–60). 
3 
.1. Temporal trends of waitlistings according to the primary 

ndication for LT 

Significant changes were observed in the indications for LT 

cross the 3 Eras ( p < 0.0 0 01). There was a marked decrease of cir-

hosis and a concomitant increase of HCC as primary indications 

or LT waitlisting over the study period ( Fig. 1 ). Cirrhosis was in-

olved in 4491 (65.9%) of candidates in Era 1; 1764 (53.8%) in Era 

; and 3331 (46.1%) in Era 3. Conversely, LT waitlistings with HCC 

s primary indication were 1956 (28.7%) in Era 1; 1396 (42.6%) in 

ra 2, and 3516 (48.7%) in Era 3 ( Table 1 ). These dramatic temporal

hanges are best exemplified by comparing 2004 (74.6% of waitlist- 

ngs for cirrhosis and 20.1% for HCC) with 2020 (46.2% and 46.7% 

f new registrations, respectively). 

In more recent years there was a trend to waitlist older pa- 

ients. Among patients with HCC the median age was 56 years in 

ra 1 (IQR = 51–61) and 59 years in Era 3 (IQR = 54–64), p < 0.0 0 01;

mong those with cirrhosis it was 53 years in Era 1 (IQR = 47–59)

nd 55 years in Era 3 (IQR = 49–61), p < 0.0 0 01 ( Table 2 ). There was

lso a trend to waitlist sicker patients with cirrhosis in both Era 

 and Era 3 (median MELD = 17 [IQR = 14–22] compared to Era 1

median MELD = 15 [IQR = 12–19]), p < 0.0 0 01. Conversely, among pa-

ients with HCC, the median MELD at listing significantly decreased 

rom 12 (IQR = 9–17) in Era 1, to 11 (IQR = 8–14) in Era 2, and 10

IQR = 8–14) in Era 3, p < 0.0 0 01 ( Table 2 ). The number of new wait-

istings due to MELD exceptions or non-HCC malignancies did not 

how relevant changes during the study period, consistently ac- 

ounting for less than 2% ( Fig. 1 ). 

.2. Temporal trends of LT waitlistings according to the underlying 

isease etiology 

In the study cohort, the complete data on the underlying dis- 

ase were available in 15,718 patients ( Table 3 ). Significant differ- 

nces were observed in the 3 Eras ( p < 0.0 0 01). HCV infection was

he predominant etiology in Era 1 and 2. In 2014, prior to the avail-

bility of DAAs, HCV was recorded in 53.2% of new yearly registra- 

ions. During Era 3, the etiology relating to HCV began to decrease, 

ropping to 33% of new registrations in the year 2020 ( Fig. 2 A). 

Among the other two most prevalent underlying etiologies, HBV 

nfection increased from 17.2% of all waitlistings in Era 1 to 24% 

n Era 3 ( Table 3 ; Fig. 2 B) while ALD accounted for 18.8% in Era

, decreased to 11.5% in Era 2, and rised again to 16.0% in Era 3

 Table 3 ; Fig. 2 C). 

MAFLD was recognized as underlying etiology in only 0.4% of 

ases in Era 1 when, however, idiopathic causes accounted for 5% 

f waitlistings. At the start of Era 2, there was a turnaround be- 

ween MAFLD and cryptogenic cirrhosis, with MAFLD steadily in- 

reasing to reach 5.8% of all etiologies in Era 3, and idiopathic cases 

ropping to 2.1%. 

.3. Changing trends of primary indications for LT related to different 

isease etiologies 

The indications between the different etiologies are summarize 

n Fig. 3 and Table 3 . By cross-matching the primary indications for 

T with the underlying diseases across the 3 Eras, the decrease in 

CV-related cases appeared to be prominent only among the wait- 

isted candidates with cirrhosis, but not among those with HCC. 

or example, HCV-related cirrhosis represented 26.1% of the indi- 

ations in Era 2 but only 12.1% in Era 3 representing 9% of overall 

irrhosis in 2020. In contrast, waitlistings due to HCV-related HCC 

ncreased steadily, accounting for 24% in 2020. 

HBV infection continued to represent the second major etiology 

ssociated with waitlisting due to both cirrhosis and HCC, with an 

ncreasing trend in Eras 2 and 3. ALD gave a considerably lower 
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Fig. 1. Indications for waitlistings (Study Cohort, N = 17,317). 

Table 1 

Indication to liver transplantation (Study Cohort, N = 17,317). 

YEAR ERA 1 (2004–2011) N = 6818 ERA 2 (2012–2014) N = 3278 ERA (2015–2020) N = 7221 

INDICATION N patients % N patients % N patients % p value 

HCC 1956 28 .7 1396 42 .6 3516 48 .7 < 0.0001 

CIRRHOSIS 4491 65 .9 1764 53 .8 3331 46 .1 < 0.0001 

EXCEPTION TO MELD 69 1 .0 37 1 .1 116 1 .6 0.0051 

OTHER 260 3 .8 66 2 .0 184 2 .6 < 0.0001 

OTHER MALIGNANT TUMOR 42 0 .6 15 0 .5 74 1 .0 0.0018 

The waitlisting due to acute liver failure in adults excluded in the present analysis were: 151 in ERA 1, 79 in ERA 2 and 182 in ERA 3. 

Table 2 

Patients characteristics at liver transplantation waitlisting. 

Variables ERA 1 n = 6818 ERA 2 n = 3278 ERA 3 N = 7221 p -value 

Age HCC 56 (IQR = 51–61) 57 (IQR = 52–62) 59 (IQR = 54–64) < 0.0001 

Cirrhosis 53 (IQR = 47–59) 53 (IQR = 48–59) 55 (IQR = 49–61) < 0.0001 

MELD HCC 12 (IQR = 9–17) 11 (IQR = 8–14) 10 (IQR = 8–14) < 0.0001 

Cirrhosis 15 (IQR = 12–19) 17 (IQR = 14–22) 17 (IQR = 14–22) < 0.0001 

Sex (M) 5157 (75.64%) 2478 (75.59%) 5480 (75.89%) 0.9213 

Nationality Non Native Italians 435 (6.4%) 305 (9.3%) 893 (12.4%) < 0.0001 
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ontribution to waitlisting for HCC but remained a major cause of 

aitlisting for cirrhosis. Waitlisting due to MAFLD increased across 

he three Eras, albeit to a lower extent than virus-related cases, 

ith a similar distribution between cirrhosis and HCC. 

.4. Predicted trends in liver transplant indications in Italy until 2025 

The temporal trends of LT waitlisting were modeled until 2025 

sing a multinomial logistic model, adjusted for sex and age, 

here the primary indications were grouped only as HCC, cirrho- 

is, or “Other” indications. 

Supplementary Figure 1 summarizes the predicted trends over 

ime for the three indications. Increasing uncertainty is reflected 

y increasing confidence bands. The data show that the probability 

f waitlisting for cirrhosis will continue to decrease, reaching 39% 

n 2025, while the probability of waitlisting for HCC or “other in- 

ications” will continue to increase, reaching 55% and 6% in 2025, 
4

espectively. The predictive model shows that females will have a 

igher probability of being waitlisted for cirrhosis and “other in- 

ications” compared to males (Supplementary Figure 2). Further- 

ore, the probability of being waitlisted for cirrhosis or “Other”

ndications will be higher among younger patients, contrasting the 

rend to waitlist increasingly older individuals with HCC (Supple- 

ent Figure 3). The overall results from the fitted model are sum- 

arized in supplement Table 3. 

. Discussion 

The study encompasses an extensive period, during which in 

taly there has been a substantial change in clinical epidemiology 

f liver diseases as well as in the indications for LT. 

The most relevant finding of this study is the dramatic recip- 

ocal shift that occurred between waitlistings due to cirrhosis and 

CC, respectively, as primary indications for LT. Previous studies 
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Table 3 

Underlying disease etiology at waitlisting ( N = 15,718). 

Etiology Indication ERA 1 (2004–2011) N = 5735 ERA 2 (2012–2014) N = 3166 ERA 3 (2015–2020) N = 6817 

N patients % N patients % N patients % p 

HCV HCC 486 8.5 750 23.7 1820 26.7 

Cirrhosis 2060 35.9 825 26.1 826 12.1 

Other – – – – – –

TOT 2546 44.4 1575 49,8 2654 38.8 < 0.0001 

HBV HCC 231 4.0 350 11.1 789 11.6 

Cirrhosis 756 13.2 358 11.3 848 12.4 

Other – – – – – –

TOT 987 17.2 708 22.4 1637 24.0 < 0.0001 

Alcohol HCC 111 1.9 75 2.4 212 3.9 

Cirrhosis 970 16.9 288 9.1 877 12.9 

Other – – – – – –

TOT 1081 18.8 363 11.5 1089 16.0 < 0.0001 

MAFLD HCC 2 0.03 58 1.8 197 2.9 

Cirrhosis 23 0.4 39 1.2 194 2.9 

Other – – – – – –

TOT 25 0.4 97 3.0 391 5.8 < 0.0001 

Idiopathic HCC 19 0.3 23 0.7 34 0.5 

Cirrhosis 267 4.7 78 2.5 110 1.6 

Other – – – – – –

TOT 286 5.0 101 3.2 144 2.1 < 0.0001 

Autoimmune HCC 8 0.1 7 0.2 20 0.3 

Cirrhosis 354 6.2 148 4.7 425 6.2 

Other 1 0.02 – – 1 0.01 

TOT 363 6.3 155 4.9 446 6.5 0.0045 

Other Metabolic liver disease HCC 4 0.1 1 0.03 6 0.1 

Cirrhosis 40 0.7 20 0.6 32 0.5 

Other 12 0.2 6 0.2 13 0.2 

TOT 56 1.0 27 0.8 51 0.8 0.3827 

Genetic HCC 9 0.2 18 0.6 15 0.2 

Cirrhosis – – – – – –

Other 210 3.7 54 1.7 203 3.0 

TOT 219 3.9 72 2.3 218 3.2 0.0004 

Other etiology HCC 3 0.05 2 0.06 19 0.3 

Cirrhosis 21 0.4 8 0.3 19 0.3 

Other 148 2.6 58 1.8 157 2.3 

TOT 172 3 68 2.2 195 2.9 0.0529 
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lready provided robust evidence of the increase in LT performed 

n Italy in patients with HCC, reported to rise from 18% of all LT 

efore 2002 [15] to 44% in 20 05–20 07 [16] , a much higher fig-

re compared to other Western countries [17 , 18] . In the present 

tudy, analyzing a much wider population, we found that waitlist- 

ngs with HCC as primary indication increased from roughly 20% in 

ra 1 to around 50% of cases in Era 3. Notably, the increasing trend

f HCC was especially evident in Eras 2 and 3, when the num- 

er of missing data was negligible. To our knowledge, this is the 

ighest figure for HCC waitlisting reported worldwide. It is debat- 

ble whether these findings result from the changing epidemiology 

f underlying liver diseases in Italy (about 13,0 0 0 new diagnoses 

f HCC in the year 2020) [19] , their more aggressive natural his- 

ory [20–25] , or to the propensity of Italian surgeons to waitlist 

CC patients with “extra large criteria” after down-staging proce- 

ure [26] . Conceivably, this trend also reflects the CNT-endorsed 

olicy of granting consistent priority to patients with HCC, com- 

ared to other LT indications, through the attribution of MELD ex- 

eption points. Notably, this policy has been further modified in 

015, with the introduction of the Italian Score for Organ Alloca- 

ion (ISO) score rule [27] (whose results are still under evaluation). 

nterestingly, our multinomial logistic predictive model shows that 

he increasing trend to waitlist patients with HCC will further in- 

rease until 2025, particularly in older males, together with a con- 

inuing decrease of waitlistings due to cirrhosis. Interestingly, the 

edian age for cirrhosis and HCC patients significantly increased 

cross the 3 Eras ( p < 0.0 0 01), likely because of a greater propen-

ity in more recent years to waitlist patients taking in account the 

biological” rather than the actual age. 
5

Another relevant finding from this study is the progressive de- 

rease in new waitlistings with an underlying HCV-related etiol- 

gy. HCV infection represented the predominant underlying etiol- 

gy in Era 1 and Era 2, reaching a peak of 53.2% of all waitlist-

ngs. In Era 3, when DAAs became widely used [28–30] , LT due to

CV infection began to decrease, dropping to 33% of waitlistings in 

020. This is a remarkable reduction, yet significantly differs from 

ther countries, such as the UK, where LT registrants with HCV- 

elated diseases have almost disappeared [31] . These results also 

iffer from the US [8] and the Australian [9] Transplant Registry 

ata, both reporting an overall sharper decrease in HCV related- 

SLD, to around 15% of the total LT indications in 2019. 

Notably, in our study, HCV-infected patients in Era 3 were 

ainly represented by candidates with HCC as primary indication 

or LT (72.6% in the year 2020, Fig. 2 D), rather than with cirrho- 

is (27.4% between HCV and only 9% between all cirrhosis indica- 

ions in 2020, Figs. 2 and 3 ), which brings fuel to the debate on

he residual risk of HCC in patients with cirrhosis cured of HCV. 

 similar increase of waitlistings for HCC among HCV-infected pa- 

ients has been observed, though to a smaller extent, in the US and 

ustralian transplant registries [8 , 9] , again emphasizing the need 

or stringent surveillance of cirrhotic patients after eradication of 

CV infection. 

A further relevant result is the rising number of waitlistings due 

o MAFLD. This is in keeping with US and European data reporting 

8% and 9% of MAFLD-related new waitlistings for ESLD and HCC, 

espectively [8 , 9] . Collecting precise data on MAFLD is a difficult 

ask since only recently was it fully appreciated that most cases of 

diopathic or cryptogenic cirrhosis are indeed due to MAFLD evo- 
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Fig. 2. Percentage of HCV, HBV and Alcohol related diseases over time (Study Cohort, January 2012-December 2020, n = 10,503). 

Fig. 3. Etiologies trends over the study period in cirrhotic and HCC waitlisted patients. 
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ution. In agreement with Vitale et al . [32] , we found that MAFLD-

elated waitlistings more than doubled, rising to almost 6% of total 

ew registrations in Era 3, a much lower figure compared to Euro- 

ean [33] and US data [34–37] . This difference may conceivably re- 

ect a lower prevalence of obesity and associated metabolic abnor- 

alities in Italy compared to other countries. It may be expected, 

owever, that MAFLD will become a more prevalent indication for 

T also in Italy, thus careful surveillance of patients with MAFLD is 

dvisable, for both for cirrhosis and HCC. 

Our study showed unexpected data concerning the role of HBV 

nfection. During Era 1, HBV infection represented around 17% 

f disease etiologies among LT waitlistings, a figure which rose 

o around 24% in Era 2 and 3. This increase was indeed sur- 

rising, given the implementation of several health-related in- 

erventions, including extensive vaccination programs mandatory 

n children beginning from the year 1991; stringent measures 
6 
o prevent mother-to-child transmission; harm reduction services 

or people who inject drugs; and increased testing and treat- 

ent for HBV [38 , 39] . Why did we not observe an expected 

ecrease of HBV among new LT waitlistings, despite the preva- 

ence of HBV infection in Italy has decreased [40] , there are at 

east two plausible explanations: first, there was a consistent in- 

rease in patients with HBV-related HCC listed for LT in more re- 

ent years. Indeed, HBV-infected cirrhotic patients receiving nu- 

leos(t)ide antivirals remain at high risk of developing HCC despite 

heir clinical improvement. Second, as shown in Table 2 , an in- 

reasing number of waitlistings were non-native Italians (account- 

ng for 12.4% in Era 3). Many, in fact, were born in countries 

here HBV is highly endemic, such as Eastern Europe, Asia, and 

frica. 

ALD was another relevant disease etiology among LT waitlisted 

atients, although considerably less frequent than in Northern Eu- 
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opean countries [41–44] . In Italy, ALD accounted for around 19% 

f cases in Era 1, decreasing to 16% in Era 3. Yet, ALD remained

he most frequent reason for waitlisting among patients with de- 

ompensated cirrhosis in Era 3 while giving a minor contribution 

o waitlisting for HCC ( Figs. 2 F and 3 ). 

This large cohort study also allowed us to forecast the probable 

cenario in the next few years, using a multinomial logistic pre- 

ictive model, showing that all described trends are expected to 

ontinue. 

Although the study analyzed the changes that occurred in the 

ast 17 years in the type of adult patients on the waiting list for 

T, the results of the study also have an important significance for 

he activity of pediatric listing and transplantation in consideration 

f the fact that in Italy most pediatric patients are transplanted 

ith partial grafts obtained with split liver procedures in which 

he other portion of the liver is transplanted into an adult recipient 

45] . 

We acknowledge that this study has limitations. First, the retro- 

pective nature, as is the nature of registry-based studies. Second, 

ewer data were collected during Era 1, as a shorter questionnaire 

as used and there were several missing data on the underlying 

tiologies, especially among HCC patients. In order to limit poten- 

ial biasases we choose to restrict a detailed analysis of HCC pa- 

ients only to those waitlisted after 2012, when the TIS was im- 

lemented. Third, this study provides a thorough analysis of the 

hanging trends of LT waitlisting in Italy, yet does not offer data 

n the actual transplantation activity. 

In conclusion, in Italy over the last two decades, there has been 

 sharp increase of LT indications for candidates with HCC and a 

oncomitant decrease for those with cirrhosis, a trend expected to 

ontinue in the coming years. Among the underlying disease eti- 

logies, HCV infection has dramatically decreased yet is and will 

ikely continue to be a primary cause of waitlisting due to HCC. 

BV infection remains the second major cause for waitlisting in 

taly, mainly for HCC, with no expected trends to decrease. ALD 

s the major cause of waitlisting due to decompensated cirrhosis, 

hile MAFLD, despite still relatively infrequent, is clearly an in- 

reasing indication for LT also in patients with HCC. We feel that 

hese results could be helpful for health policymakers to refine 

urrent LT rules in Italy and eventually other Southern European 

ountries, in the attempt to improve overall equity and the oppor- 

unity to be transplanted for all categories of patients. 
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