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SUMMARY

The liver transplantation (LT) landscape is continuously evolving. We
sought to evaluate trends in indications for LT in Canada and the impact
of primary liver disease on post-LT outcomes using a national transplant
registry. Adult patients who underwent a primary LT between 2000 and
2018 were retrospectively identified in the Canadian Organ Replacement
Registry. Outcomes included post-LT patient and graft survival. A total of
5,722 LTs were identified. The number of LT per year increased from 251
in 2000 to 349 in 2018. The proportion of patients transplanted for HCV
decreased from 31.5% in 2000 to 3.4% in 2018. In contrast, the percentage
of transplants for HCC increased from 2.3% in 2000 to 32.4% in 2018,
and those performed for NASH increased from 0.4% in 2005 to 12.6% in
2018. Year of transplant (per 1 year) was protective for both patient
(HR:0.96,95%CI:0.94-0.97; P < 0.001) and graft survival (HR:0.97, 95%CI:
0.96–0.99; P = 0.001). Post-LT outcomes have improved over time in this
nationwide analysis spanning 18 years. Moreover, trends in the indications
for LT have changed, with HCC becoming the leading etiology. The
decrease in the proportion of HCV patients and increase in those with
NASH has implications on the evolving management of LT patients.
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Introduction

Liver transplantation (LT) is the definitive treatment

for end-stage liver disease (ESLD) [1]. In recent dec-

ades, the outcomes of LT have improved, and in

many countries, 5-year survival rates exceed 70%

[2,3]. Approximately 400 patients annually will receive

a LT in Canada while the waitlist mortality ranges

from 15 to 20% and has remained relatively stable

[4–6]. To address the waitlist mortality, there have

been changes to the allocation and use of marginal

grafts [2,3].

Listing criteria for LT in Canada has evolved over the

last two decades, not only because of the changing

prevalence of liver disease but also as novel medical

therapies evolve [6]. The type of donor used and the

underlying liver disease heavily influences post-

transplant outcomes, and therefore, the monitoring of

changes in the indication for LT is vital for patients,

clinicians, and policymakers [3,7]. The introduction of

direct-acting antiviral (DAA) medications has almost

eradicated hepatitis C (HCV) as an indication for LT in

some countries [7,8]. In contrast, the rising prevalence

of obesity and diabetes, particularly in the Western

world, has exponentially increased transplantation for

nonalcoholic steatohepatitis (NASH), while the success-

ful transplantation of hepatocellular carcinoma (HCC)

has led it to become the most common indication for

LT in the UK and elsewhere [2,9–11]. Though there are

previous reports on transplant trends from the United

States [3] and Europe [2], a contemporary temporal

analysis of trends and outcomes after liver transplanta-

tion in Canada has yet to be performed. In contrast to

the United States, Canada represents a country with a

universal healthcare system, a smaller number of centers

(with resultant regionalization), and one of the highest

living donor liver transplant proportions in the west

[6]. Because LT represents a highly standardized surgical

practice, large-scale national evaluations offer an oppor-

tunity to glean insight into differential practice patterns,

trends, and outcomes across countries. This carries the

potential for identifying areas for future quality

improvement which may be of benefit to transplant

patients globally.

Given the implications of primary liver disease on

both the prioritization of patients on the waiting list

and on post-transplant outcomes, we performed an

exploratory analysis of the Canadian Organ Replace-

ment Registry (CORR) from 2000 to 2018 to determine

changes over time in the indication and post-

transplantation outcomes for LT.

Patients and methods

Canadian organ replacement registry

The CORR dataset contains detailed information about

all liver transplants carried out since 2000 in six liver

transplant centers in Canada, representing all the Cana-

dian provinces except Quebec [6]. The dataset is cur-

rently managed by the Canadian Institute for Health

Information (CIHI) and is subject to internal checks

[6,12].

Study population

Adult patients (age≥18 years) undergoing a first LT

between 2000 and 2018 were included. To limit the

study cohort’s heterogeneity, patients receiving re-

transplantation and multiorgan transplants were

excluded (Figure 1). This study received REB approval

(REB#19-5835) by the University Health Network. This

study conforms to the Strengthening the Reporting of

Observational Studies in Epidemiology (STROBE) state-

ment for reporting observational research [13].

The study population was stratified into ten groups

using the CORR organ diagnosis codes and was based

on a classification used by Roberts et al. in a previous

analysis of the United Network of Organ Sharing

(UNOS) dataset [14,15], which categorized based on

disease etiology at the time of listing: acute liver failure

(ALF), hepatitis C virus (HCV), primary sclerosing

cholangitis (PSC), hepatitis B virus, primary biliary

cholangitis (PBC), alcohol-related liver disease (ALD),

HCC, autoimmune and cryptogenic (AID), and meta-

bolic liver diseases (MET; including NASH). Disease

classification was performed in a hierarchical order:

cancer, HCV, PSC, PBC, ALD, AID, MET, and others

[14,15]. For example, a patient diagnosed with both

HCV and HCC would be assigned to the HCC category

[14,15]. A full grouping description of the liver disease

classification is shown in Table S1.

Covariates

Donor and recipient characteristics were recorded. Con-

tinuous variables included donor age, donor body mass

index (BMI), distance from donor procurement to the

facility of LT, warm ischemia time (WIT), cold ischemia

time (CIT), rewarm time (defined as the time in min-

utes between the removal of the organ from cold stor-

age and reperfusion in the recipient), recipient age at

transplant, recipient BMI, time on the waitlist, serum
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bilirubin (mg/dL), international normalized ratio (INR),

Child–Pugh score, creatinine (mg/dL), and Model for

End-stage Liver Disease (MELD) score. Categorical vari-

ables include donor smoking status, history of hyperten-

sion, history of diabetes, ethnicity, use of deceased after

circulatory death liver allograft, donor blood type,

donor cause of death, recipient sex, recipient ethnicity,

recipient blood type, type of graft used (whole liver, left

lobe, right lobe, and left lateral segment), and recipient

medical status at the time of transplant. The recipient

medical status in Canada refers to a patient’s status at

the time of listing and provides a measure of illness

severity. Prior to adoption of the MELD-score-based

system, it was also used for organ allocation before the

MELD-score-based system (i.e., the CanWAIT algo-

rithm) [16]. As such, the categorization is as follows:

Status 1 and Status 1T refers to patients who are at

home, or are tumor patients (typically HCC), respec-

tively; Status 2 are hospitalized patients; Status 3 are

hospitalized in the intensive care unit (ICU); Status 3F

have fulminant hepatic failure in the ICU; Status 4

patients are in the ICU incubated and ventilated; and

Status 4F are Status 4 patients with fulminant liver fail-

ure.

Outcome measure

Patient and graft survival from the time of transplant

were compared among disease etiologies. Both

unadjusted and adjusted survival analyses were per-

formed. Patients were censored at death or last known

follow-up. All patients were followed up to 31 Decem-

ber 2018 or last known follow-up. The median follow-

up time for the entire patient cohort was 71.0 months

(IQR 25.4–129.6).

Statistical analyses

Descriptive data for continuous variables were expressed

as means with standard deviation if the distribution was

normal and median with interquartile range (IQR) for

non-normal distributions. These were compared using

the Student’s t-test and Mann–Whitney U-test, respec-

tively. Categorical variables were expressed as numbers

and percentages and compared using the chi-square test.

Trend analysis for LT performed over time was imple-

mented using the nonparametric Cox-Stuart trend test,

based on the binomial distribution. Patient survival was

analyzed from the time of LT to death or last known

follow-up using the Kaplan–Meier method and groups

compared with log-rank tests. Multiple pairwise com-

parisons between groups with corrections for multiple

testing were performed using the Benjamini–Hochberg

method. Analyzed time points included 1-, 3-, 5-, and

10-year post-LT.

Cox proportional hazard regression models were built

to identify predictors for post-LT patient survival,

adjusting for donor and recipient characteristics. Graft

Figure 1 Patient flowchart.
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loss was assessed using a cumulative incidence approach

with death considered a competing event for graft loss

[17]. Cumulative incidence was calculated using subdis-

tribution estimates for each cause (graft and death). A

Gray’s modified log-rank test was used to compare sub-

distribution estimates for each cause (unadjusted inci-

dence estimates) and to evaluate the quality of the

cumulative incidence curves [18]. Multiple pairwise

comparisons between groups with corrections for multi-

ple testing were performed using the Bonferroni’s

method. To assess the relative change in the hazard of

graft failure, a proportional subdistribution hazards’

regression model using Fine and Gray competing risk

was used to account for death as a competing event

[19]. This model allowed the assessment of covariate

effects on the subdistribution for graft failure. Variables

selected for inclusion in the multivariable models were

based on previously identified factors associated with

post-LT patient and graft survival [1,20–26]. A P-value

<0.05 was considered statistically significant.

Missing donor and recipient characteristics were

imputed using multivariate imputation by chained

equations, creating twenty complete datasets with multi-

variable analysis results pooled using Rubin’s rules

[27,28]. Continuous variables were imputed using pre-

dictive mean matching, factors with one level using

logistic regression, and multilevel factors using polyno-

mial regression. Both complete case analysis and

imputed pooled regression results are presented for

completion.

All statistical analyses were performed using R (R ver-

sion 4.0.2 [2020-06-22], R foundation for Statistical

Computing, Vienna, Austria URL http://www.R-project.

org/). Competing risk analyses were performed using

the package “cmprsk” version 2.2-10. The Cox-Stuart

test was performed using the package “trend” version

1.1.4. Multiple imputations were performed using the

package “mice” version 3.12.

Results

Indications for liver transplantation

A total of 5,722 adult LTs were performed in Canada

between 2000 and 2018. The number of transplants per

year increased from 251 in 2000 to 349 in 2018 (P-

value for trend = 0.008) (Figure 2). The proportion of

patients transplanted for HCV-related liver disease has

decreased from 31.9% in 2000 to 3.4% in 2018. In con-

trast, the percentage of patients transplanted for HCC

has increased from 2.3% in 2000 to 32.4% in 2018.

Most of this change occurred between 2013 and 2016.

For patients with HCC (n = 1,282), additional liver dis-

ease etiologies included the following: HCV (n = 310

[24.2%]), ALD (n = 125 [9.8%]), HBV (n = 76

[5.9%]), NASH (n = 32 [2.5%]), PSC (n = 8 [0.6%]),

PBC (n = 8 [0.6%]), acute liver failure (n = 1 [0.1%]),

and missing/not reported (n = 722 [56.3%]). Further-

more, the proportion of transplants for NASH has pro-

gressively increased from 2005 when it represented 0.4%

of all transplants, to 12.6% in 2018 (Figure 3).

Comparison of donor and recipient characteristics

Between 2000 and 2018, there were 4,546 (79.4%) LT

performed with deceased after brain death donors

(DBD), 864 (15.1%) with living donors (LDLT), and

312 (5.4%) with donors after circulatory death (DCD).

While the proportion of LDLTs has remained relatively

stable between 15 and 20%, the proportion of DCDs

has increased from 0.3% in 2006 to 10.0% in 2018 (Fig-

ure S1). Recipient, donor, and transplant characteristics

can be seen in Table S2 and Table S3.

Post-transplant outcomes

Patient survival

For all indications combined, the 1-, 3-, 5-, and 10-year

post-LT survival was 91.1%, 85.5%, 83.9%, and 72.4%

Figure 2 Absolute number of liver graft types used for LT in Canada

over time.
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(Figure 4). Overall patient survival stratified for various

disease etiologies is displayed in Figure 5 and described

in Figure S2. Though patient survival consistently

improved over time for both non-HCV and HCV

patients, HCV patients had a more marked improve-

ment after 2009 compared with before (Figures S3 and

S4). Multivariable Cox proportional hazards regression

analyses, adjusted for recipient and donor variables,

demonstrated an etiology of PSC and MET as propor-

tionally most protective for patient survival relative to

an indication of HCC. Moreover, the year of transplant

also represented an independent protective factor for

Figure 3 Proportion of patients transplanted annually during 2000–2018 for various indications in Canada.

Figure 4 Overall 5-year patient survival with 95% confidence interval.
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post-LT survival (per year increase HR:0.96, 95%CI:

0.94–0.97; P < 0.001) (Table S4). Type of graft was not

associated with an increased hazard of death post-LT.

Graft survival

The overall 1-, 3-, 5-, and 10-year post-LT graft survival

was 93.5%, 90.7%, 88.8%, and 85.2% (Figure 6, Fig-

ure 7 and Figure S5). The cumulative 1-, 5-, and 10-

year incidence of graft failure of all first LT was 6.4%

(95%CI: 5.7–7.0), 10.7% (95%CI: 9.8–11.5), and 13.7%

(95%CI: 12.7–14.7) (Figure S6). The cumulative inci-

dence of graft failure for various etiologies is shown in

Figure 7. The cumulative incidence of graft failure in

both non-HCV and HCV patients remained overall

stable over time (Figures S8 and S9). The cumulative

incidence of graft failure by graft type is shown in Fig-

ure S10. On Fine-Gray proportional hazard analysis of

graft failure, after adjustment for donor and recipient

variables, factors associated with graft failure included

donor age, CIT, and LDLT. Protective factors for graft

failure included a diagnosis of ALD, AID, and MET

(ref: HCC). Year of transplant (per 1-year increase)

again represented an independent protective factor for

graft survival (HR:0.97, 95%CI: 0.96–0.99; P = 0.001)

(Table S5).

Discussion

To the best of our knowledge, this is the first study to

describe the different etiologies and trends in LT in

Canada using a multi-institutional national database.

Currently, the two most common etiologies for LT are

HCC and ALD. Temporally, there has been a substantial

increase in the proportion of LT performed for NASH

and HCC over time. Conversely, there has been a signif-

icant decrease in the proportion of LTs performed for

HCV. Notably, through the 18-year study period, both

patient and graft survival have increased significantly.

HCC and ALD are the most common etiologies for LT,

accounting for 45% of all LTs in Canada. The percentage

of patients transplanted for HCC has increased

Figure 5 Patient survival comparing patients transplanted for various indications in Canada.
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Figure 6 Overall 5-year graft survival with 95% confidence interval.

Figure 7 Liver graft survival comparing patients transplanted for various indications in Canada.
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significantly from 2.3% in 2000 to 32.4% in 2018. The

introduction of selection criteria that better identify suit-

able HCC patients for LT and improved post-transplant

outcomes thereafter, and the introduction of MELD

exception points system helps to explain the rise in LT for

HCC patients [29,30]. Though the indication for LT in

HCC patients has largely stabilized in the last couple of

years, it still represents a significant indication for LT.

According to different indicators in the United States, this

is expected to increase in the years to come [31]. In addi-

tion, as a result of the obesity epidemic, HCC associated

with nonalcoholic fatty liver disease and NASH will likely

contribute to this increase [32–34]. The proportion of

patients transplanted for ALD in Canada remained rela-

tively stable at approximately 15%. This is similar to the

percentage of LTs for ALD in the United States (15%) and

in Europe (20%) [35–38]. There are data to suggest a bias

among gastroenterologists and hepatologists regarding the

referral of patients with ALD for LT [39,40], and contro-

versy persists as 17-30% of these patients relapse to alcohol

use after LT. However, with comparable outcomes follow-

ing LT for other etiologies as well as a low rate of graft fail-

ure following recidivism, referrals for ALD patients

requiring transplant are anticipated to increase [41–44].
There are a number of potential reasons for an expected

increase in the proportion of LTs performed for ALD

including a proportional decrease in HCV transplants

(with a resultant increase in the proportion of ALD and

other non-HCV etiologies), an improved understanding

of the role of LT and patient selection for acute alcoholic

hepatitis including the need to obviate the historical six-

month abstinence rule, an evolving understanding of fac-

tors influencing recidivism, an increase in HCC in the set-

ting of ALD, and favorable post-transplant survival

relative to other etiologies [45–47].
While HCV-related liver disease represented the most

common indication for LT in the early 2000s, the pro-

portion of LTs performed for this indication has

decreased from 31.9% in 2000 to 3.4% in 2018. Histori-

cally, HCV-related liver disease has been the most

prevalent LT indication in North America and Europe

[2,48]. However, in the past few years, the incidence of

LT for HCV-related liver disease has decreased signifi-

cantly in Western countries [48]. Using the European

Liver Transplant Registry (ELTR), Belli et al. showed

that the listings for HCV declined from 22% in 2007 to

17% in 2017 [7]. Further, the authors showed a dra-

matic decrease in LT for HCV-associated HCC. Simi-

larly, using the UNOS registry, Chirag et al.

demonstrated a steep reduction in the number of

patients with a diagnosis of HCV who were on the LT

waiting list in the United States from 37% in 2012 to

24% in 2016 [49]. These changes are likely as a result of

a reduction in the number of HCV progressing to end-

stage liver disease and requiring a LT secondary to the

introduction of DAA-therapy and near-universal cure

[7,50]. The more dramatic decrease in HCV in this

Canadian LT cohort compared with earlier US and

European studies is likely multifactorial and cannot be

fully elucidated using the CORR dataset. However, it is

conceivable that universal health care access may have

contributed with these trends. Though patient and graft

survival increased over time for both non-HCV and

HCV patients in this cohort, HCV patients had a more

dramatic improvement in the last two eras (2010–2014
and 2014–2018) compared to earlier eras, suggesting the

positive effect of antiviral treatment following LT.

The introduction of NASH as a cause of end-stage

liver disease has brought to light its importance as an

etiology for LT [51]. The proportion of transplants for

NASH has progressively increased in Canada from 2005

when it was 0.4% of all transplants, to 12.6% in 2018.

In the United States, LTs performed for NASH are

markedly increasing secondary to the obesity epidemic,

and it has become the second leading etiology of liver

disease on the waitlist, and, as in Europe, represents the

most rapidly growing indication for LT [37,52,53].

These trajectories suggest that NASH will become the

most common indication for LT in the United States

before 2025 [53]. NASH patients are often obese and

have multiple comorbidities such as hypertension,

hyperlipidemia, obesity, and type 2 diabetes mellitus.

Also, recipients with NASH are usually older than recip-

ients who have other chronic liver diseases [54,55].

This study is limited by its retrospective nature, with

the potential for misclassification and selection bias.

Though the CORR dataset represents the most compre-

hensive transplant dataset in Canada, several missing

variables are not routinely collected at the individual

transplant center level. The CORR dataset does not con-

tain information of patients who were listed for LT but

dropped out either from disease progression, death, or

clinical status improvement, and the findings of this

study cannot be extrapolated to that cohort of patients.

Data reporting to CORR is voluntary, and compliance

is not monitored or required [56]. In patients with

HCC, roughly half of patients only have a diagnosis of

HCC reported. This may be because of missing infor-

mation or an unknown underlying etiology. For the

remainder, a secondary, tertiary, or quaternary liver dis-

ease etiology was reported and is presented. Further,

CORR dataset does not contain information on which
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center performed the transplant, whether a patient

received hepatitis treatment, immunosuppression regi-

men, or other medical therapies for their liver disease.

Despite covariate adjustments in multivariable group

comparisons, there is thus potential for residual con-

founding. Notwithstanding these limitations, the CORR

dataset represents the most comprehensive and most

extensive dataset of transplantation in Canada and

offers significant insight into the trends and outcomes

of liver transplantation on a national scale.

In conclusion, HCC is currently the most common

indication for LT in Canada. Effective treatment options

have resulted in a decrease in the number of LTs for

HCV. As the number of LTs performed for NASH

patients is increasing significantly, it can be expected to

become the most common etiology for liver transplant

in the upcoming years. Ongoing improvement in post-

LT outcomes remains encouraging for further increased

use of marginal allografts such as DCD and further

expansion of indications for transplantation.
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