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Abstract

Background

There is growing evidence that liver transplantation (LT) is the most effective treatment for
acute-on-chronic liver failure grade-3 (ACLF-3). This study examines whether and how this
evidence translates into practice by analyzing the variability in intensive care unit (ICU)
admissions, listing strategies and LT activity for ACLF-3 patients across transplant centers in
Europe.

Methods

Consecutive patients who were admitted to the ICU with ACLF-3, whether or not they were
listed and/or transplanted with ACLF-3 between 2018 and 2019 were included across 20
transplantation centers.

Results

351 patients with ACLF-3 were included: 33 had been listed prior to developing ACLF-3
and 318 had not been listed at the time of admission to the ICU. There was no correlation
between the number of unlisted ACLF-3 patients admitted to the ICU and the number listed or
transplanted whilst in ACLF-3 across centers. In contrast, there was a correlation between the
number of patients listed and the number transplanted whilst in ACLF-3. 21% of patients who
were listed whilst in ACLF-3 died on the waiting list or were delisted. The percentage of LT
for ACLF-3 patients varied from 0%-29% of patients transplanted with decompensated
cirrhosis across centers (average = 8%), with an I? index of 68% (95% CI: 49%-80%), showing
substantial heterogeneity among centers.

The one-year survival for all patients with ACLF-3 was significantly higher in centers that
listed and transplanted more ACLF-3 patients (>10 patients) than in centers that listed and
transplanted fewer: respectively 36% vs. 20%, p = 0.012.

Conclusion
Patients with ACLF-3 face mequity of access to LT across Europe. Wait-listing strategies
for ACLF-3 patients influence their accessto LT and, ultimately, their survival

Introduction

Liver transplantation (LT) is currently the most effective treatment available for selected
critically ill cirrhotic patients with multiple organ failure. In the absence of LT, the 3-month
mortality rate of patients with acute-on-chronic lver failure grade 3 (ACLF-3) has been
reported to be as high as 80% (1). Several studies have now shown that access to LT may hugely
improve the survival of these patients (2,3). While support for LT increases through the
transplant community, in practice, utilization of LT for patients with ACLF-3 remains a frontier
in transplantation, and continues to raise specific ethical and clinical questions (4).

Extending LT for patients with ACLF-3 potentially requires fundamental changes of
mtensive care unit (ICU) admission practices, listing strategies, surgical and anesthesiolo gic
techniques and post-LT management. It also requires carefully balancing the individual benefit
of LT for ACLF-3 patients against the collective utility of LT for the broader community of
transplant candidates.

While previous registry or multicenter studies on LT for ACLF-3 patients have
predominantly focused on post-LT outcomes among groups of transplant centers this report



focuses on variations of practices among individual transplant centers, offering an analytic
panorama of the access to LT for ACLF-3 patients across Europe.

In particular, this study aims to describe variation in the access to three key steps of LT for
ACLF-3 patients: ICU admission, listing, and transplantation. First, we investigate the issue of
ICU access for patients with ACLF-3 and analyze the reasons for which some patients were
admitted to the ICU but were not listed for LT. Second, we assess the relationship between
listing strategies and LT activity. In particular, we determine the percentage of patients listed
with ACLF-3 who actually went on to receive LT. Third, we assess the variability i LT activity
for ACLF-3 across centers. Finally, we conduct a survival analysis of all ACLF-3 patients
according to the inclination of centers to list ACLF-3 patients for LT.

Methods

Study Cohort

This study is a collaboration among the European Liver and Intestine Transplant Association
(ELITA), the European Liver Transplant Registry (ELTR) and the European Foundation for the
Study of Chronic Liver Failure (EF-CLIF). Twenty centers from 8 European countries
participated in the study. Consecutive patients between January 152018 and June 30t 2019
were retrospectively included if (i) they were admitted to the ICU with ACLF-3 or developed
ACLF-3 3-7 days after admission to the ICU and/or if (i) they were transplanted with ACLF-
3. In parallel, total LT activity, LT activity for HCC and DC during the same period were
recorded in each center.

Diagnostic criteria of ACLF and data collection
Diagnostic criteria of ACLF and its grades and data collection details have been described
previously (5). The definition and grades of the CLIF-Consortium were strictly followed.

Ethical and regulatory approval

Data was collected in accordance with general data protection regulation, the European
Union legislation and the ELTR privacy declaration. All procedures were followed in
accordance with STROBE guidelines (6).

Statistical analysis

We assessed the correlation between the total number of patients transplanted in each center
and the number of patients transplanted for HCC, DC and ACLF-3 by analyzing the Kendall
tau correlation. The variability of ACLF-3 LT activity was represented through a forest plot,
reporting center-specific estimates of proportion of LTs for ACLF-3 among LTs for DC in each
center. Confidence mtervals (CI) at a 95% level for the proportions were computed using the
Clopper-Pearson method. The pooled estimate of the total proportion was obtained from a
fixed-effects meta-analysis, based on generalized linear mixed-effects model. 12, with its 95%
confidence interval, and 2, with correlated p-value, were reported as measures of heterogeneity
among centers.

The relationship between the number of patients listed with ACLF-3 and the number of
patients transplanted with ACLF-3 was also explored using the Kendall tau correlation
coefficient, as was the relationship between the number of patients admitted to the ICU and the
number of patients listed/transplanted with ACLF-3.

Overall one-year survival analysis from the time of ACLF-3 diagnosis was stratified
according to the number of patients listed for LT with ACLF-3 over the study period in each
center. Survival curves were computed using the Kaplan Meier method and compared with the
log-rank test.

Centers were stratified into high- and low listing centers according to the number of patients
that were listed over the study period. The cutoff was determined in order to minimize the
difference in the number of patients in each group. When stratifying by high- and low-listing



centers, distribution of categorical variables were compared using the y2 or Fisher’s exact tests.
All tests were two-sided and used a significance level of 0.05.

All statistical analyses were conducted using R version 4.0.2 (R Core Team, Vienna, Austria)
with the specific packages ggplot2, survival, survminer, metafor, ggpubr and cowplot.



Results

Study population

351 patients with ACLF-3 were included (figure 1): 318 were not listed at the time of
admission mn ICU and 33 had already been listed prior to developing ACLF-3.

Figure 1. Study flowchart
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Over the study period, a total of 2683 LTs were performed across the 20 centers (Table 1).
1226 LTs were performed for DC, 897 for HCC and 560 for other indications.

The four centers (FR1, FR2, FR3 and FR4) who transplanted the highest number of ACLF-
3 patients (>10 over the study period) were also the centers who listed the most patients with
ACLF-3: they were identified as “high listing/transplanting centers”, as opposed to “low
listing/transplanting centers” (UK 1, UK2, ES1, NL1, DE1, IT1, IT2, IT3, IT4, IT5 and PL1).
The 5 centers that did not provide data on the total number of patients admitted to the ICU with
ACLF-3 were not included in the analyses comparing high and low listing/transplanting centers
ES2, DE2, IT6, IT7, CH1). The full list of participating centers is provided in supplementary

table 1.

Table 1. Transplantation activity, ICU admission of ACLF-3 patients and listing of ACLF-3 patients across centers

T otal number of

Center’ LTs
FR1 250
FR2 120
FR3 107
FR4 136
UK1 310
UK2 185
ES1 112
ES2 117
NL1 114
DE1 16
DE2 69
IT1 121
IT2 76

LT for
decompensated
cirrhosis

100
69
55
92
160
115
51
50
59
14
27
33
38

LT for

hepatocellular
carcinoma

76
39
28
36
70
33
32
54
40
2

19
68
34

LT for other
indicatiors

75
12
24
8

70
37
29
13
24
0

23
20
4

LT for
ACLF-3

12
20
12
16

<)}

N O b WWwWwo — o

Unlisted patients admitted to
the ICU with ACLF-3
(patients subsequently listed
with ACLF-3, %)

62 (16, 26%)

47 (16, 34%)

24(9,38%)

23 (16,70%)

42 (6, 14%)

16 (0, 0%)

28 (1, 4%)

NA!(0)

14 (3, 21%)

12 (1, 8%)

NA! (3)

9 (3, 33%)

7 (3, 43%)



IT3 142 56 65 21 0 7 (0, 0%)
IT4 164 68 84 12 2 6 (1,17%)
IT5 81 36 30 15 3 5 (4, 80%)
IT6 114 53 34 27 2 NA! (2)
IT7 199 79 98 22 3 NA1(2)
PL1 184 45 22 117 1 6 (2,33%)
CH1 66 26 33 7 2 NA!
TOTAL 2683 1226 897 560 98 318(91)

* FR: France; UK: United Kingdom; ES: Spain; NL: Netherlands; DE: Germany; IT: Italy; PL: Poland; CH: Switzerland
15 centers could not provide data on patients admitted to the ICU and not listed/transplanted

ICU admissions and access to the transplant list for ACLF-3 patients in Europe

The number of unlisted patients admitted to the ICU ranged from 5 to 62 across the cohort
(table 1 and figure 2A). The number of patients listed with ACLF-3 from 0 to 16 across centers,
with a proportion of patients listed to patients admitted to the ICU ranging from 0% to 80%
(figure 2A).

There was no significant correlation between the number of patients admitted to the ICU and
the number of patients listed with ACLF-3 (figure 2B) or those transplanted with ACLF-3

(supplementary figure 1).

Figure 2. ICU admission and listing of ACLF-3 patients”
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Among the 227 patients who were admitted to the ICU with ACLF-3 but not listed, the most
frequent reason for not listing was illness severity (88 patients, 39%) (table 2). Addiction issues
(62 patients, 28%), comorbidities (30 patients, 13%) and uncontrolled bacterial mfection (21
patients, 9%) were the other important causes (table 2).

When comparing “high” and “low” listing /transplanting centers, a significant difference
was only observed for the illness severity criteria (31% vs. 46%, p=0.042).

Table 2. Main reason for not listing patients with ACLF-3in the ICU

High Low
Main reason for not listing NT:tj;7 |isting£ter§:esrzl2anting Iisting/ctgs?esrzlzanting Vahi;
N =99 N=128
[lIness severity, n (%) 88(39%) 31(31%) 57 (46%) 0.04
Addiction, n (%) 62 (28%) 32(32%) 30(24%) 0.14
Comorbidities, n (%) 30(13%) 16 (16%) 14 (11%) 0.25
U ncontrolled bacterial infection, n (%) 21(9%) 8 (8%) 13 (10%) 0.59
Other, n (%) 23(10%) 12 (12%) 11(8.8%) 0.38

1The main reason for not listing was not provided for 3 patients in the low listers group

2 “High listing/transplanting centers”: 4 centers who listed the most patients (and who were also the centers who transplanted
more than 10 patients with ACFL3 over the study period). “Low listing/transplanting centers”: the 11 other centers. N.B. The 4

centers that did not provide data on patients in the ICU with ACLF-3 who were not listed were notincluded in this analysis.

There were individual differences in the balance of the mamn reasons for not listing patients
among centers (supplementary figure 2), with no clear pattern emerging.

In addition, the percentage of female patients not listed was not significantly different
between the “high” and “low” listing /transplanting centers (27% vs. 29%, p = 0.79), as was
the mean age of patients not listed (55 vs. 53 years, p =0.14).



Relationship between listing and transplanting patients with ACLF-3

Among the 91 patients who were listed whilst n ACLF-3 (figure 3A), the majority (65
patients, 71%) were transplanted with ACLF-3 and 19 patients (21%) died or were delisted
before LT (none of these 19 patients were alive one year after listing).

Among the 98 patients who were transplanted with ACLF-3 over the study period, 65 (66%)
were also listed whilst in ACLF-3 (figure 3B). The make-up of the population of patients
transplanted with ACLF-3 was similar across centers. In particular, among the centers that
transplanted patients with ACLF-3, none of them restricted the access to LT for patients who
had been listed prior to developing ACLF.

There was a significant correlation between listing and transplanting patients with ACLF-3
(correlation coefficient: 0.8, p<0.0001) (figure 3D). In particular, the 4 centers that transplanted
the highest number ofpatients with ACLF-3 were also the centers that listed the highest number
of patients with ACLF-3 (red box, figure 3A, 3B and 3C).

Figure 3. Listing and transplanting ACLF-3 patients
Follow-up of patients listed with ACLF-3 by centre (n=91) Number of patients transplanted with ACLF-3 (n=98)

L— B according to the grade of ACLF at listing by centre
e e rri - [
we- mi-
; oez- [
mz- [
mi- w- o
ms- [
oet- [
ru- me-
m7- [ ma- N
me- [ Fallow up mz- [ ACLF grade at listing
EZ:: - . Dead before LT or delisted (n=19) CH1 - - . AGLF-3 at listing (n=65)
Il L7 vith ACLF-3 (n=6s) ru- B ~cr2atiisting (n=16)
per- ) esi- [
UKz Bl it ACLE2 (0=4) e B Acie atiisting (n=3)
IT3 - LT with ACLF-1 (n=3) IT3- Mo ACLF at listing (n=14)
ES2 Es?
0 5 10 15 0 5 10 15 20
Number of patients Number of patients

C Number of patients listed/transplanted with ACLF3 by centre D correlation study between the number of patients listed
with ACLF3 and transplanted with ACLF3

5. I mmm—
FR2
1 201 *
FR1- R=0.38, p=5.6e-06
I hid
FR3 - w
Ukt - a
UK1 - Q
5 I <<
IT5 - = 15
£ i
NL1 I ]
IT2 = — b=
@
-
[ty - <
DE2 I %
= 10
cH1 I 3
PL1 I =
2
ir7- s
ITe- N “g
T4 « 51
Legend o
ES1 L =
. Patients listed with ACLF3 o
per- =
Patients transplanted with ACLF3 3
UKz =
IT3- 01
ESZ
0 5 10 15 20 0 5 10 15

Number of patients Number of patients listed with ACLF3



Variability of LT activity for patients with ACLF-3 across the cohort

On average, LT for ACLF-3 accounted for 8% of patients transplanted for decompensated
cirrhosis in the study cohort. However, the number of LTs for ACLF-3 patients ranged from 0
(in three centers) to 20 patients across transplant centers, with percentages ranging from 0% to
29% (figure 4). The forest plot of LT activity for ACLF-3 shows consistent variation of such
percentage among centers, with an I? of 67.7% (95% CI: 48.6%, 79.7%) showing substantial
heterogeneity, confirmed by the 2 (p-value<0.01).

Figure 4. Forest plot of the percentage of LT for ACLF-3 on LT for DC across the cohort
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There was a significant correlation between the transplant volume of the LT center over the
study period and both the number of LTs performed for HCC (correlation coeflicient: 0.55,p =
0.00082) and for DC (correlation coefficient: 0.66, p < 0.0001) (supplementary figure 3A and
3B).

In contrast, there was no significant correlation between LT center transplant volume and
the number of LTs performed for ACLF-3 (supplementary figure 3C) or between the number
of LTs for decompensated cirrhosis and the number for ACLF-3 (supplementary figure 3D).



Analysis of overall survival depending on the type of center (high listing/transplanting vs. low)

One-year survival of the whole cohort (including patients admitted to the ICU but not listed,
and all those listed and transplanted with ACLF-3)fiom the time of ACLF-3 diagnosis was
significantly higher in the 4 centers that listed/transplanted the most patients in ACLF-3 when
compared to the 11 other centers (respectively 36% vs 20%, p = 0.012).

Figure 5. Survival analysis depending on the type of center (high listing/transplanting vs.
low)
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On mtention to transplant analysis for patients listed whilst in ACLF-3, the overall one-year
survival was 64%, with no significant difference between high listing and low Listing centers
(respectively 71% vs. 60%, p = 0.25) (none of the patients listed whilst in ACLF-3 who were
not transplanted survived one year).

Finally, the one-year survival of patients transplanted whilst in ACLF-3 was 79% with no
significant difference between high listing and low listing centers (respectively 76% vs. 80%,
p=0.71)



Discussion

The results of this study reveal a substantial variability of liver transplantation activity for
patients with ACLF-3 across European transplant centers. This is despite the observation that
the overall one-year survival of ACLF-3 patients from the time of ACLF-3 diagnosis was
significantly higher in centers that listed and transplanted more ACLF-3 patients than in centers
that listed and transplanted fewer. It is important to note that there was no correlation between
the number of patients transplanted with ACLF-3 and the volume of LTs performed by
mndividual centers. In addition, the number of patients with ACLF-3 admitted in the ICU and
the number of patients who were listed for LT with ACLF-3 was also unrelated. The main
reason for not wait listing ACLF-3 patients differed between the two groups of “higher” and
“lower” listing centers, with the low listing group more commonly citing illness severity as a
reason for not listing patients with ACLF-3.

Taken together, the results of this study help clarify three key steps in the clinical manage ment
of patients with ACLF-3.

First, it shows that ICU admission practices of patients with ACLF-3 varies across centers but
this does not correlate with therr wait-listing strategies for LT. In particular, admitting higher
numbers of unlisted ACLF-3 patients to the ICU did not translate into more wait-listing and
greater access to LT for these patients.

Second, the attitude of the center toward wait listing patients with ACLF-3 was a key element
that defined the variability of transplant activity for these patients across centers. In practice,
this implies that a transplant program for patients with ACLF-3 may require listing patients
who are too ill to be transplanted at the time of listing, optimizing their care n the ICU, and
potentially transplanting them later, when a degree of improvement has occurred. It was
therefore striking that the criteria that distinguished high and low listing centers as the principal
reason for not listing patients with ACLF-3 in the ICU was illness severity, rather than
comorbidities or addiction issues. There was a strong and significant correlation between wait-
listing and LT whilst patients had ACLF-3. The majority (66%) of patients who were
transplanted with ACLF-3 had been listed whilst they had ACLF-3 and only 14% of patients
transplanted with ACLF-3 had been listed prior to developing ACLF (30% had been listed with
ACLF-1 or2). This finding implies that transplanting critically ill patients requires being able
to fast-track the pre-LT assessment of patients who have often not been previously considered
as LT candidates by the transplant team. It is a clinical challenge that requires obtaining medical
and psychosocial background information about the patient and organizing multidisciplinary
decision-making meetings with different team members rapidly on the basis of what may be
limited or fragmentary information (when the patient is intubated, for example).

Third, the percentage of patients who were listed with ACLF-3 but died on the waiting list or
were delisted was much lower (21%) than that reported in the literature, in particular in the
UNOS database (7). The data suggests that this may be due to many ACLF-3 patients not being
listed at all because they are thought to be too sick. In addition, it may suggest that in Europe,
patients listed with ACLF-3 are less likely to need prioritization beyond the MELD score in
order to have access to LT (the median time from listing to transplant was 5 days for patients
listed with ACLF-3). In other words, variations in listing strategies for patients with ACLF-3
seems to be the main obstacle for their access to LT. Interestingly, the 4 centers that listed and
transplanted most patients came from France, where there is no extra prioritization for patients
with ACLF beyond the MELD score (this is also the case in the other countries included m this
study) and where it has been shown that there are also important variations in access to LT for
critically ill cirrhotic patients despite a single, centralized allocation algorithm (8). However,



whether lack of prioritization prevents patients with ACLF-3 from being listed is beyond the
scope of this study.

The observation that the main difference between the low and the high volume centers was that
the patients were thought to be too ill to undergo LT in the low volume centers suggests a lack
of consensus defining which ACLF-3 patients should not be transplanted. It is therefore crucial
to distinguish criteria that should be used to decide that a patient is too sick to be listed for LT
(based chiefly on comorbidities) from criteria to decide that a patient is too sick to be
transplanted at the time when an organ becomes available (figure 6). Granular studies have
shown that respiratory failure, arterial lactate level, age, the TAM score, MDRO and fungal
mfections are useful criteria to judge whether a patient is too sick to be transplanted at the time
of organ availability, based on poor post-LT survival (5,9-11). Without this appreciation and
consensus, we risk transplanting too few patients with ACLF-3 or too many with poor outcomes
thereby funneling scarce resources to patients with potentially unacceptably low post-LT
survival rates.

The variability of LT activity for ACLF-3 patients among European transplant centers described
i this study highlights the mequity of access to LT for patients with ACLF-3. This variability
among centers also reflects a lack of consensus among European transplant teams on this
specific indication of LT. Such a lack of consensus is possibly due to the relative scarcity of
prospectively collected data. While studies from the UNOS registry report >80% one-year post-
LT survival rates for ACLF-3 patients (12), smaller case series studies report contrasting
findings. Some, including the results from the current series, report similar post-LT survival
(5,13), others report significantly poorer results (10,14). To date, only one registry study has
reported on longer term survival (15). In addition to this relative scarcity of data, the variability
of LT activity probably also relates to diverging views concerning the overall utilization of LT
and its application to patients with DC. There are justifiable concerns that more widespread use
of LT for patients with ACLF-3 could disadvantage cirrhotic candidates who were listed
without ACLF with a “traditional” elective pre-LT assessment and more certainty of optimal
outcomes.

The scope of this study is limited by its retrospective nature and by the limited number of
patients included over selected centers in Europe. However, it uses granular data and reports
exhaustively on all patients treated. The other major limitation is that we did not did not report
on patients with ACLF-3 who did not have access to the ICU. To date, no study has been able
to provide a consistent picture of this subgroup of critically ill cirrhotic patients who are denied
access to the ICU and whose epidemiology remains hard to assess.

Conclusion

The results of this study highlight the mequity of access to LT that patients with ACLF-3
experience across European transplant centers. It underlines how listing strategies for ACLF-3
patients influence their access to LT and, ultimately, therr survival. Finally, this study
demonstrates the lack of practical consensus among European transplant teams on this specific
indication of LT, highlighting the need for more prospective data defining the role of LT in
ACLF-3.
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