N

N

Novel Composite Endpoint for Assessing Outcomes in
Liver Transplantation: Arterial and Biliary
Complication—Free Survival
Eric Savier, Yann de Rycke, Chetana Lim, Claire Goumard, Geraldine
Rousseau, Fabiano Perdigao, Pierre Rufat, Chady Salloum, Laura Llado,

Emilio Ramos, et al.

» To cite this version:

Eric Savier, Yann de Rycke, Chetana Lim, Claire Goumard, Geraldine Rousseau, et al.. Novel Compos-
ite Endpoint for Assessing Outcomes in Liver Transplantation: Arterial and Biliary Complication—Free
Survival. Liver Transplantation, In press, 10.1002/1t.26269 . hal-03345333

HAL Id: hal-03345333
https://hal.sorbonne-universite.fr /hal-03345333

Submitted on 15 Sep 2021

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.sorbonne-universite.fr/hal-03345333
https://hal.archives-ouvertes.fr

'.) Check for updates

SAVIER ET AL.

Novel Composite Endpoint for Assessing

Outcomes in Liver Transplantation:
Arterial and Biliary Complication—Free
Survival

Eric Savier (2 )12 Yann De Rycke,3*> Chetana Lim,! Claire Goumard,!? Geraldine Rousseau,’
Fabiano Perdigao,! Pierre Rufat,® Chady Salloum,” Laura Llado 2/ 8 Emilio Ramos,?

Josefina Lopez-Dominguez,® Alba Cachero,? Joan Fabregat,® Daniel Azoulay,” and Olivier Scatton!*

1Service de Chirurgie Digestive, Hépato-Bilio-Pancréatique, Transplantation Hépatique, Centre Hospitalo-Universitaire Pitié-

Salpétriere, Assistance Publique-Hépitaux de Paris, Sorbonne Université, Paris, France; 2Centre de Recherche Saint-Antoine, Unité

Mixte de Recherche Scientifique-938, Institute of Cardiometabolism and Nutrition, Sorbonne Université, Institut National de la Santé

et de la Recherche Médicale, Paris; *Institut Pierre Louis d’Epidémiologie et de Santé Publique, Sorbonne Université, Institut National
de la Santé et de 1a Recherche Médicale, Paris, France; “Département de Santé Publique, Assistance Publique-Hépitaux de Paris, Hopital
Piti¢ Salpétriére, Sorbonne Université, Paris, France; >Centre de Pharmacoépidémiologie (Cephepi), CHU Pitié-Salpétriérere, Assistance
Publique-Hbpitaux de Paris (APHP), Sorbonne Université, Paris, France; *Département d' Informatique Médicale, Assistance Publique-

Haépitaux de Paris, Hopitaux Universitaires Pitié Salpétri¢re—Charles Foix, Sorbonne Université, Paris, France; “Centre Hépato-

Biliaire, Assistance Publique-Hépitaux de Paris Hopital Paul Brousse, Villejuif, France; and ®Department of Hepato-Biliary and Pancreatic
Surgery and Liver Transplantation, Hospital Universitari de Bellvitge, Institut d'Investigacio Biomedica de Bellvitge, Barcelona, Spain

Transplant and patient survival are the validated endpoints to assess the success of liver transplantation (LT). This study evalu-
ates arterial and biliary complication—free survival (ABCFS) as a new metric. ABC, considered as an event, was an arterial or
biliary complication of Dindo-Clavien grade >III complication dated at the interventional, endoscopic, or surgical treatment
required to correct it. ABCFS was defined as the time from the date of LT to the dates of first ABC, death, relisting, or last
follow-up (transplant survival is time from LT to repeat LT or death). Following primary whole LT (n = 532), 106 ABCs
occurred and 99 (93%) occurred during the first year after LT. An ABC occurring during the first year after LT (overall rate
19%) was an independent factor associated with transplant survival (hazard ratio [HR], 3.17; P < 0.001) and patient survival
(HR, 2.7; P=0.002) in univariate and multivariate analyses. This result was confirmed after extension of the cohort to split-
liver graft, donation after circulatory death, or re-LT (n = 658). Data from 2 external cohorts of primary whole LTs (n = 249
and 229, respectively) confirmed that the first-year ABC was an independent prognostic factor for transplant survival but
not for patient survival. ABCFS was correlated with transplant and patient survival (p = 0.85 [95% CI, 0.78-0.90] and 0.81
[95% CI, 0.71-0.88], respectively). Preoperative factors known to influence 5-year transplant survival influenced ABCFS after
1 year of follow-up. The 1-year ABCFS was indicative of 5-year transplant survival. ABCFS is a reproducible metric to evalu-

ate the results of LT after 1 year of follow-up and could serve as a new endpoint in clinical trials.
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Patient and transplant survival are currently the only and quality reporting to evaluate the results of LT and
well-validated endpoints to assess the success of liver to compare transplant center performance.? Because
transplantation (LT). They have been used in research ~ 5-year graft and patient survival following L'T" have con-
tinuously improved, reaching more than 80% and 90%,
respectively, for many patients with end-stage liver dis-

Abbreviations: ABC, arterial or biliary complication (as event);
ABCEFS, arterial or biliary complication—free survival; ALF, acute

ease,3¥ the rates of events such as repeat LT (re-L'T) or

liver failure; BAR, balance of risk; CI, confidence interval; CT, death are now lower. Hence, long-term survival is no lon-
computerized tomography; DCD, donation after circulatory death; ger a satisfactory primary endpoint to evaluate the suc-

cess of LI\ Although the survival rate after LI remains
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robust, a large number of patients would today be needed
to demonstrate positive effects on transplant or patient
survival with this criterion. Other metrics including their
refinements focus on donor quality,® donor—recipient
matching,®” or graft recovery.®1? A recent publication
measured symptomatic nonanastomotic biliary strictures
at 6 months after LT as the endpoint.!') The sum of
postoperative complications may be calculated by the
comprehensive complication index.1

In parallel, to match need and graft offers, many cen-
ters have been transplanting “higher-risk” liver grafts,
including living donation, donation after circulatory
arrest, fatty livers, split-liver grafts, domino grafts, and
grafts from donors who are hepatitis C virus or hepa-
titis B virus positive, in LT candidates who are sicker.
The issue thus arises of how to assess these strategies in
terms of mid-term and long-term survival.(!®

The concept of surrogacy has been widely studied
in oncology. Progression-free survival and disease-free
survival are among the best studied, validated, and gen-
erally accepted surrogate endpoints for overall survival
in solid cancer.1%17) Clearly, such surrogates are needed

EAD, early allograft dysfunction; ERCP  endoscopic retrograde
cholangiopancreatography; ET-DRI, Euro-transplant donor risk
index; HMIN, Henri Mondor Hospital; HR, hazard ratio; HTK,
histidine tryptophan ketoglutarate; HUB, Hospital Universitari de
Bellvitge; ICU, intensive care unit; IGL-1, Institute Georges Lopez-1;
IOR, interquartile range; KMP%, Kaplan-Meier curve probability
percentage at 12 months; LT, liver transplantation; MELD,
Model for End-Stage Liver Disease; MRCE magnetic resonance
cholangiopancreatography; P[ » P value of the test of the class compared
with the reference class (robust Wald fest); PSL, Pitié-Salpétriére
Hospital; re-LT, repeat liver transplantation; SCOT 15, solution of

conservation for organ transplantation; UW, University of Wisconsin.
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in the fields of LT as described by Richards et al.(1
We developed a composite time-dependent metric
named arterial and biliary complication—free survival
(ABCFS).1® ABCEFS took into account (1) arterial or
biliary complications, which remain high during the
first year after LT, are specific to the LT, and later
result in several hospital readmissions?; (2) re-L'T; and
(3) death. The aim of this study was to validate ABCFS

as a new metric to evaluate results in I'T.

Patients and Methods
STUDY DESIGN

The aim of the study was to evaluate whether a composite
endpoint, namely ABCFS for patients who have under-
gone L’I} may be considered as an acceptable indicator for
transplant survival. For this to be so, 2 conditions must be
met. The first is that ABCFS and transplant survivals are
well correlated. The second is external validation of these
results in another cohort of patients who received trans-
plants. The study protocol followed the ethical guidelines
of the 1975 Declaration of Helsinki and was approved
by the institutional review board of Pitié-Salpétriere
Hospital (PSL). No informed consent was needed be-

cause the data from all of the centers were anonymized.

PATIENTS

The first cohort (PSL cohort) included all consecutive
adult patients who had undergone primary brain-dead,
deceased donor, liver-only transplantation between
January 2008 and December 2017 at a single French
LT center (PSL, Paris, France). This PSL cohort was
used to develop the statistical analysis (Fig. 1). The
statistical analysis was extended to split-liver grafts,
re-L’T, domino, and types 2 and 3 donation after cir-
culatory death (DCD) to validate results. We note that
every DCD had normothermic regional perfusion.
The external validation cohorts included all patients
from 2 European LT centers who had undergone pri-
mary transplantation from brain-dead deceased do-
nors between 2011 and 2015 (Henri Mondor Hospital
[HMN], Créteil, France, and Hospital Universitari de
Bellvitge [HUB], Barcelona, Spain). These 2 cohorts
were used to validate the composite endpoint.

Patients with multiorgan transplantations were
excluded from the analysis. All of the patients who
died intraoperatively were also excluded from the anal-
ysis because they were not exposed to postoperative
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717 LTs (2008-2017)

©)

Perioperative death (0) (n = 3)
Previous transplantation (n = 55),

or multiorgan transplantations (n = 49),
or split liver (n = 48).

or DCD (n = 28)

or domino or living donor (n = 2)

532 primary whole LTs

658 LTs
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FIG. 1. Scheme describing the step-by-step statistical analysis. Arterial or biliary complication during the first year after L'T" was tested as
a prognostic factor of transplant survival in a homogeneous cohort of L'T (step 1), in an extended cohort (step 2), and in 2 external cohorts

(step 3). Consequently, ABCFS could be compared with the transplant survival (step 4). Every LT from DCD (types 2 and 3) included

normothermic regional circulation.

complications. No organs from executed prisoners
were used. Urgent LTs were included.

DATA SOURCE

Data used for the first cohort were obtained from the
prospectively maintained database SCD/PromeTHeée,
registered at the Commission Nationale Informatique et
Libertés (no. 1929196). This database was prospectively
maintained by liver surgeons, hepatologists, and L'T" co-
ordination nurses. Supplementary data, when needed,
were retrieved from the prospective French national da-
tabase CRISTAL (managed by the French Regulatory
Agency for Transplantation). Hospital lengths of stay
were extracted from the management hospital database
(PR.). These data are available on request from the
corresponding author (E.S.). Data used for the second
cohort were obtained from each center’s prospectively
maintained database. These data are available on re-
quest from the 2 senior authors (L.L. and D.A.).

OUTCOME DEFINITIONS

Postoperative complications included all postoperative
medical and surgical complications, graded according

to the Dindo-Clavien classification.?”) Severe compli-
cations were defined as Dindo-Clavien class III compli-
cations. Primary nonfunction was defined as early graft
failure leading to either recipient death within the first
7 days or re-LT in the absence of any vascular complica-
tions.?V) Early allograft dysfunction (EAD) was defined
according to the definition of Olthoff et al.® Acute
kidney injury was defined according to Kidney Disease:
Improving Global Outcomes (KDIGO) criteria.??

DEFINITION OF ARTERIAL AND
BILIARY COMPLICATIONS

An arterial or biliary complication (ABC) was consid-
ered as an event defined by the following 2 parameters:
(1) any arterial or biliary complication (arterial, between
the aorta and the small arteries of the graft; biliary, be-
tween the biliary canaliculi and the intestinal stream; ie,
Y loop included) of class >III according to the Dindo-
Clavien classification??; and (2) the date of the inter-
ventional, endoscopic, or surgical treatment performed
to correct this complication and so prevent graft loss by
re-LT" or death of the patient (Table 1). Failure of the
treatment or iatrogenic consequences were taken into

account (Table 1). Some patients had multiple ABCs
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TABLE 2. Examples of ABCs in Patients With Disseminated Cholangiopathy

SAVIER ET AL.

Time fo Short Description of the Complication, Complication
Complication Its Treatment, and Dindo-Clavien Class Type: Arterial or  Biliary Complication
Example (days) (Grades I fo V) ABC Biliary Type
Patient 1 49 Hemobilia, false aneurysm on CT scan — stent  Yes (first chronological ABC)  Arferial
(Illb)
699 Liver abscess + arterial thrombosis — percuta- ~ Yes Biliary Disseminated
neous drainage (llib) cholangiopathy
Patient 2 66 Arterial stenosis — angioplasty (llb) Yes (first chronological ABC)  Arferial
508 Arterial thrombosis — angiography — medical ~ No Arterial
treatment (Il)
623 MRCP: ischemic cholangiopathy — medical No Biliary Disseminated
treatment (Il cholangiopathy
Patient 3 1981 Liver abcess — percutaneous drainage (llib) Yes (first chronological ABC) Biliary Disseminated
cholangiopathy
2004 Arterial thrombosis — relisting (IVa) Yes Arterial
Patient 4 133 Biliary anastomotic stricture — endoscopic Yes (first chronological ABC)  Biliary Anastomotic stricture
stenting (Ilb)
153 ERCP — distal cholangiopathy — endoscopic ~ Yes Biliary Disseminated
stenting (Illb) cholangiopathy
200 Cachexia — relisting — death before re-LT (V) Yes Biliary Disseminated
cholangiopathy
Patient & 187 Biliary anastomotic stricture — ERCP: failure of  Yes (first chronological ABC) Biliary Supra-anastomotic
the stenting (lllb) stricture
194 ERCP: supra-anastomotic stricture — stent (lllb)  Yes Biliary Supra-anastomotic
stricture
247 ERCP: supra-anastomotic stricture — stent (lllb)  Yes Biliary Disseminated
cholangiopathy
305 ERCP: diffuse cholangiopathy — relisting (IVa) ~ Yes Biliary Disseminated
cholangiopathy
Patient 6, 163 Angiocholitis + multiple organ failure — medical No Biliary Disseminated
LT no. 2 freatment in ICU (Il) cholangiopathy
164 Angioscanner — angiography (lllb) — arterial  Yes (first chronological ABC)  Arterial Disseminated
stenosis — medical freatment cholangiopathy
181 Angiocholitis — percutaneous drainage then Yes Biliary Disseminated
angiography — angioplasty (lllb) cholangiopathy
190 Angiocholitis — multiple organ failure — death  Yes Biliary Disseminated
() cholangiopathy
Patient 7 256 Arterial stenosis — angioplasty (llb) Yes (first chronological ABC)  Arterial
1023 Biliary stones + anastomotic stricture — Yes Biliary Anastomotic stricture
hepatico-jejunostomy (llib)
1269 Angiocholitis — cholangiopathy — relisting Yes Biliary Disseminated
(IVa) cholangiopathy
Patient 8, 126 Anastomotic stricture — surgical repair (llib) Yes (first chronological ABC)  Biliary Anastomotic stricture
type 2
DCD
173 Ischemic cholangiopathy — relisting (not Yes Biliary Disseminated
performed 8 years later) (IVa) cholangiopathy
1407 Predominance of left biliary tree injury — left Yes Biliary Disseminated
hepatectomy (llb) cholangiopathy/

supra-anastomotic
stricture

ORIGINAL ARTICLE | 5
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(Table 2). For statistical analysis, only the first chrono-
logical posttransplant ABC was retained. Subsequent
complications were recorded but not used for the statisti-
cal analysis (Table 2; Supporting Fig. 1).

ABCFS was defined as the time from transplanta-
tion to the date of ABC treatment (ie, interventional
endoscopic or surgical), death from any causes, relis-
ting date, or last follow-up. In the case of re-LI] the
date of relisting on the waiting list was retained and
not the date of re-LT (Tables 1 and 2).

Patient survival was defined as the time from trans-
plantation to the date of death or last follow-up.
Transplant survival was the time from transplantation
to the date of death, re-LT, or last follow-up.(1>

PERIOPERATIVE MANAGEMENT
AND FOLLOW-UP

Peritransplant follow-up was homogeneous across
centers and included at least a daily liver function test
assessment and Doppler ultrasonography until post-
operative day 7. Long-term follow-up included liver
function tests and Doppler ultrasonography every week
for 1 month, every 3 months for the first 12 months,
and thereafter every 6 months.

STATISTICAL ANALYSIS

Categorical variables were expressed as frequency and
percentage, and continuous variables were expressed as
medians (25%-75% interquartile range [IQR]). The chi-
square test or 2-sided Fisher’s exact test was used for qual-
itative variables, and the Student # test or Mann-Whitney
U test was used for quantitative variables. Survival rates
were estimated by the Kaplan-Meier curve method and
compared using the log-rank test. As the variable ABC
during the 12 months following transplantation (first-
year ABC) was time dependent, we used the robust score
test in the Cox proportional hazards model. Multivariate
analysis was performed with a Cox proportional hazards
model and tested with the robust score test in ascending
steps with a Pvalue at 5%.

Correlation factor (p) was obtained by the method
of Schemper et al.?® Survival rates and correlations
included every arterial or biliary complication, graft
loss, or death within 60 months.

All variables with P < 0.05 were considered statisti-
cally significant. Statistical analyses were performed using
SigmaStat version 12.0 (Systat Software Inc., Erkrath,
Germany) and R program version 3.3.3 software (R
Foundation for Statistical Computing, Vienna, Austria).

6 | ORIGINAL ARTICLE

LIVER TRANSPLANTATION, Month 2021

Results

OVERVIEW OF THE FIRST
COHORT

Of 717 consecutive LTs performed in 662 patients,
185 did not meet the inclusion criteria. The PSL co-
hort thus included 532 patients who had undergone
primary brain-dead, deceased donor LT using whole
liver grafts. The characteristics of recipients and do-
nors are detailed in Supporting Table 1. The flowchart
and step-by-step analysis are shown in Fig. 1.

MORBIDITY

The overall morbidity rate was 41%, and the severe
morbidity rate (Dindo-Clavien grade >III) was 35%.
Almost half of the complications (44%) occurred
within the first 3 months, but 3 months after LT, most
of the complications were classified as Dindo-Clavien
class III, and ABC was the most frequent cause of
Dindo-Clavien grade >III complications (Supporting
Fig. 1B).

ABC

Overall, a total of 260 ABCs occurred in 106 patients.
The mean count of ABCs per patient was 2.3 + 1.5
(67% had <2 ABCs, 24% had between 3 and 4 ABCs,
6% between 5 and 6 ABCs, and 3% of patients had
>6 ABCs). The vast majority of patients (93%) expe-
rienced the first ABC within the first 12 months after
LT (global rate of ABC at 12 months = 18.6%). The
median time before occurrence of the first ABC was
116 (IQR, 34-242) days. The median time before oc-
currence of the first biliary complication was longer
than that for the first arterial complication (132 [IQR,
41-26] days versus 54 [IQR, 30-144] days; P = 0.01).
Details of the 99 ABC occurring during the first
12 months after LT are shown in Supporting Table 2.

IMPACT OF FIRST-YEAR ABC
ON TRANSPLANT AND PATIENT
SURVIVAL AND HOSPITAL
LENGTH OF STAY

The effect of the first-year ABC (n = 99) on trans-
plant and patient survival was tested in univariate
and multivariate analyses (Tables 3 and 4). Model
for End-Stage Liver Disease (MELD) score, balance
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of risk (BAR) score, tumor on explant, cold ischemia
time, EAD, and ABC influenced transplant and pa-
tient survival significantly. The same factors influ-
enced patient survival except for cold ischemia time.
For ABC, the hazard ratio (HR) for transplant sur-
vival was 3.17 (95% confidence interval [CI], 2.00-
5.04; P < 0.001) and 2.70 (95% CI, 1.65-4.41;
P < 0.001) for patient survival. In the multivariate
analysis, first-year ABC HR was the highest com-
pared with other HRs of factors associated with the
survival, that is, MELD score, EAD, or tumor on
explant (Tables 3 and 4). Including split-liver graft,
re-L'l; and normothermic regional perfusion DCD,
an ABC occurring before 1 year after LT was sig-
nificantly associated with a graft loss in univariate
and multivariate analyses. Again, ABC had the
highest HR compared with other factors associated
with the transplant survival (HR, 2.12; P < 0.001;
Supporting Table 3). First-year ABC was signifi-
cantly associated with patient survival, but HR was
not the highest compared with other factors (HR,
1.65; Supporting Table 4).

To estimate the impact on a patient’s life, we
recorded total hospital length of stay during the first
year after LT for patients with a follow-up of more
than 12 months. In the absence of ABC, total length
of stay was 29 (IQR, 20-49) days versus 45 (IQR, 32-
77) days in the presence of ABC (P < 0.001).

ABCFS, TRANSPLANT SURVIVAL,
AND PATIENT SURVIVAL

In the PSL cohort, the 1-year, 3-year, and 5-year
transplant survival rates were 89%, 80%, and 74%, re-
spectively, and the 1-year, 3-year, and 5-year patient
survival rates were 90%, 82%, and 78% (Fig. 2, PSL).
The 1-year, 3-year, and 5-year ABCFS rates were 72%,
67%, and 61%, respectively (Fig. 2, PSL).

There was a strong correlation between transplant
survival and ABCFS (p = 0.85 [95% CI, 0.78-0.90]
and between patient survival and ABCFS (p = 0.81
[95% CI, 0.71-0.88]). We compared the probability of
survival at 1 year following LT using transplant survival
or ABCFS. With ABCFS, significant differences were
observed for age of donor (aged <65 or >65 years), pres-
ervation solution (UW, SCOT 15, IGL-1, histidine
tryptophan  ketoglutarate [HTK]), Euro-transplant
donor risk index (ET-DRI; <1.5 or >1.5), EAD and
BAR score, although transplant survival showed differ-
ences for EAD and BAR score only (Table 5).

SAVIER ET AL.

VALIDATION OF THE ABCFS IN
THE EXTERNAL COHORTS

We compared the PSL cohort to 2 external cohorts
from HMN and HUB. Donors of the PSL cohort were
younger (P < 0.001) with lower ET-DRIs (P < 0.001)
than those of the HMN cohort. Recipients had higher
MELD scores (P < 0.001) and lower 3-month mor-
tality (P = 0.02) and re-LT rates (P = 0.001; Table 6).
The overall rate of ABC at 12 months was similar be-
tween the PSL and HMN cohorts (23% versus 17%).

Donors of the PSL cohort had lower ET-DRIs
(P < 0.001) than those of the HUB cohort. Recipients
were more frequently hospitalized in the intensive care
unit (ICU) at the time of LT (P < 0.001) with higher
BAR (P < 0.001) and MELD scores (P < 0.001) and
lower 3-month re-LT rates (P = 0.02; Table 6). The
overall rate of ABC at 12 months was similar between
the PSL and HUB cohorts (18.6% versus 16.6%).

For graft or patient survival, the transplant center had
no effect (interaction test not shown). First-year ABC
was associated with transplant survival in all 3 cohorts
(HMN: HR, 2.41 [95% CI, 1.23-4.70; P = 0.036];
HUB: HR, 4.89 [95% CI, 2.41-9.92; P = 0.001]; PSL:
HR, 3.17 [95% CI, 1.10-5.04; P < 0.001]). However,
1-year ABC was associated with patient survival in the
PSL cohort only (HMN: HR, 1.01 [95% CI, 0.42-2.86;
P=0.85]; HUB: HR, 1.16 [95% CI, 0.48-2.8; P=0.76];
PSL: HR, 2.7 [95% CI, 1.65-4.41; P = 0.002]).

In the HMN cohort, the 1-year, 3-year, and 5-year
transplant survival rates were 87%, 84%, and 81%,
respectively, and the 1-year, 3-year, and 5-year patient
survival rates were 95%, 92%, and 88%, respectively
(Fig. 2 ,HMN). The 1-year, 3-year, and 5-year ABCFS
rates were 73%, 71%, and 67% (Fig. 2, HMN).

In the HUB cohort, the 1-year, 3-year, and 5-year
transplant survival rates were 86%, 80%, and 75%,
respectively, and the 1-year, 3-year, and 5-year patient
survival rates were 90%, 85%, and 82%, respectively
(Fig. 2, HUB). The 1-year, 3-year, and 5-year ABCFS
rates were 73%, 69%, and 66%, respectively (Fig. 2,
HUB). Interestingly, we observed that the 1-year
ABCEFS rate was close to the 5-year transplant survival
rate in all 3 cohorts.

Discussion

The definition of a successful transplantation should
be not only whether a patient will live for a long time

ORIGINAL ARTICLE | 7
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TABLE 3. Factors Associated With Transplant Survival (532 Primary Whole LTs)

Univariate Analysis Multivariate Analysis
Covariate Class HR 95% Cl P, Value PValue® HR 95% Cl PValue*
Donor
Sex Female 1.00 0.87
Male 0.97 0.67-1.41 0.87
Age, years <65 1.00 0.12
>65 1.37 0.94-1.99 0.11
BMI, kg/m? <25 1.00 0.31
[25;30] 1.14 0.75-1.73 0.54
>30 1.58 0.93-2.69 0.09
ET-DRI <15 1.00 0.08
>1.5 1.40 0.95-2.05 0.086
Preservation solution Celsior 1.00 0.56
HTK 1.58 0.72-3.47 0.25
IGL-1 1.06 0.51-2.2 0.89
SCOT 15 1.42 0.73-2.76 0.31
uw 1.08 0.46-2.53 0.85
Recipient
Sex Female 1.00 0.35
Male 1.25 0.76-2.04 0.38
Age, years <65 1.00 0.68
>65 0.90 0.54-1.5 0.70
BMI, kg/m? <25 1.00 0.44
[25;30] 1.31 0.87-1.98 0.20
>30 1.06 0.62-1.81 0.82
Status at LT Home 1.00 0.38
Hospital or ICU 1.19 0.81-1.75 0.37
MELD <35 1.00 0.01 1.00 0.03
>35 1.97 1.25-3.11 0.003 1.92 1.156-3.2
BAR score <18 1.00 0.01
>18 2.65 1.49-4.73 0.001
Tumor on explant No 1.00 0.03 1.00 0.002
Yes 1.57 1.06-2.31 0.02 1.94 1.29-2.93
Intraoperative data
Cold ischemia time <9 hours 1.00 0.048
>9 hours 1.70 1.07-2.68 0.02
Biliary drainage No 1.00 0.96
Yes 1.01 0.65-1.57 0.96
Postoperative data
ABC at 1 year* No 1.00 <0.001 1.00 <0.001
Yes 3.17 2-5.04 <0.001 3.04 1.89-4.89
EAD No 1.00 <0.001 1.00 0.003
Yes 2.02 1.36-3 <0.001 1.88 1.24-2.85
Acute kidney injury No 1.00 0.62
Yes 1.1 0.73-1.69 0.62

*Taking into account the time to onset of the complication.
P value of the test of the prognostic role of the variable (robust score test).

¥Pvalue of the test of the prognostic role of the variable (robust score test) adjusted on the other covariates.
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TABLE 4. Factors Associated With Patient Survival (532 Primary Whole LTs)

Univariate Analysis Multivariate Analysis
Covariate Class HR 95% Cl P, Value PValue® HR 95%Cl  PValue*
Donor
Sex Female 1.00 0.74
Male 0.93 0.63-1.39 0.73
Age, years <65 1.00 0.07
>65 1.47 0.98-2.2 0.06
BMI, kg/m?2 <25 1.00 0.23
[25;30] 1.13 0.72-1.77 0.60
>30 1.73 0.99-3.02 0.05
ET-DRI <15 1.00 0.39
>1.5 1.19 0.8-1.79 0.39
Preservation solution Celsior 1.00 0.41
HTK 1.67 0.74-3.75 0.22
IGL-1 0.95 0.43-2.07 0.89
SCOT 15 1.41 0.7-2.83 0.34
uw 1.08 0.45-2.61 0.86
Recipient
Sex Female 1.00 0.63
Male 1.13 0.68-1.87 0.64
Age, years <65 1.00 0.78
>65 1.08 0.64-1.8 0.77
BMI, kg/m? <25 1.00 0.77
[25;30] 1.18 0.75-1.83 0.47
>30 1.03 0.59-1.81 0.92
Status on the waiting list Home 1.00 0.19
Hospital or ICU 1.32 0.88-1.98 0.17
MELD <35 1.00 0.01 1.00 0.01
>35 2.05 1.28-3.28 0.003 2.17 1.28-3.7
BAR score <18 1.00 0.007
>18 3.08 1.73-5.49 <0.001
Tumor on explant No 1.00 0.01 1.00 <0.001
Yes 1.75 1.16-2.66 0.008 2.2 1.42-3.41
Intraoperative data
Cold ischemia time <9 hours 1.00 0.20
>9 hours 1.44 0.87-2.39 0.16
Biliary drainage No 1.00 0.75
Yes 1.08 0.68-1.7 0.74
Postoperative data
ABC at 1 year* No 1.00 0.002 1.00 0.003
Yes 2.70 1.65-4.41 <0.001 2.59 1.67-4.27
EAD No 1.00 0.01 1.00 0.04
Yes 1.72 1.132.6 0.01 1.57 1.01-2.44
Acute kidney injury No 1.00 0.93
Yes 1.02 0.65-1.6 0.93

*Taking into account the time to onset of the complication.
P value of the test of the prognostic role of the variable (robust score test).

P value of the test of the prognostic role of the variable (robust score test) adjusted on the other covariates.
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FIG. 2. Survival curves in the 3 cohorts: PSL, 2008 to 2017; HMN, 2011 to 2015; HUB, 2011 to 2015.

but also what the patient’s quality of life will be during
that time,(®) which is largely complication related.

In the setting of LI, posttransplant morbidity,
mostly attributed to arterial and biliary complica-
tions, remains high during the first year after LT.(4
It results in multiple interventions and requires several
hospital readmissions.!” Here we show that follow-
ing an ABC during the first year after LT, the risk of
graft loss was around 2 to 3 times at each time point
higher than in the absence of an ABC (following an
ABC, the risk of graft loss was multiplied by the HR).
This was observed in 3 independent cohorts with dif-
ferent policies and management. An ABC was thus a
strong time-dependent prognostic variable, which we
introduced as an event to calculate a composite sur-
vival probability, ABCFS. We found that ABCFS
correlated to the transplant and patient survival and
that 1-year ABCFS was indicative of 5-year transplant
survival (Fig. 2). By capturing more events, ABCFS
improved the statistical power of the test and was able
to identify more variables of interest than transplant
survival. The discriminative effect was illustrated for
the age of the donor, the preservation solution, and the
ET-DRI (Table 5). Our results were in line with those

of other studies using transplant survival as an endpoint
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and needing large numbers of patients (n = 48,261
LTs for the series by Houben et al., > n = 42,869 LTs
for Adam et al.,® n = 5939 LTs for Braat et al.®)).
ABCEFS could therefore serve as a clinically relevant
endpoint. In DCD LT, for example, ischemic cholan-
giopathy increased morbidity and mortality, resulting
from either ischemic cholangiopathy-related compli-
cations (requiring multiple radiological, interventional,
or surgical interventions), re-L'T; or both. Many efforts,
such as machine perfusion®2”) and normothermic
regional perfusion,®® have been tested in an attempt
to improve results and decrease ischemic cholangiop-
athy. Evaluating the effect of perfusion machines with
1-year ABCEFS as an endpoint rather than transplant
survival could be a direct application of our method.
For example, how many LTs would be needed to
observe a difference between 2 LT groups with HRs
of 1.5 and 195 expected events (a risk = 5%; power =
80%; events = ABC + re-LT' + death)? To obtain a
result after 1 year, the population needed will be 828
LTs using ABCFS and 2032 LTs using transplant sur-
vival. To obtain results after 5 years, the population
needed will be 480 LTs using ABCFS and 898 LTs
using transplant survival. Provided that several studies
confirm our results, the ABCFS would be a statistical
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TABLE 5. Comparison of ABCFS or Transplant Survival for Perioperative Factors

SAVIER ET AL.

Transplant Survival ABCFS
Dead or Death or Re-LT or KMP%

Variable n Re-LT KMP% (95% Cl) HR (95% Cl) ABC (95% Cl) HR (95% ClI)
Cohort 532 60 89 (86-91) 146 72 (69-76)
BAR score P <0.001 P=0.001

<18 496 48 90 (88-93) 1 128 74 (70-78) 1

>18 36 12 67 (53-84) 3.92 (2.19-6.35) 18 50 (36-69) 2.17 (1.49-3.18)
EAD* P <0.001 P=10.047

No 270 29 92 (89-95) 1 94 74 (70-79) 1

Yes 159 31 80 (75-87) 2.66 (1.77-4.01) 52 67 (60-75) 1.38 (1.04-1.78)
Preservation P=0.80 P=0.01

solution

Celsior 63 7 89 (81-97) 1 15 6 (66-87) 1

HTK 88 12 96 (79-94) 1.24 (0.62-3.15) 36 59 (59-70) 2.0(1.33-3.26)

IGL-1 130 11 92 (87-96) 0.77 (0.36-1.79) 35 3 (66-81) 1.21 (0.78-2.00)

SCOT 15 199 23 88 (84-93) 1.06 (0.59-2.55) 50 75 (69-81) 1.12 (10.75-1.80)

uw 51 6 88 (80-98) 1.02 (0.31-2.66) 9 82 (73-94) 0.70 (0.32-1.19)
Donor age, years P=0.17 P=0.007

<65 329 32 90 (87-94) 1 76 77 (72-81) 1

>65 203 28 86 (81-91) 1.43 (0.94-2.14) 70 65 (59-72) 1.56 (1.22-1.95)
ET-DRI P=0.14 P=0.03

<1.5 251 23 91 (87-94) 1 58 77 (72-82) 1

>1.5 281 37 87 (8391) 1.50 (0.98-2.19) 88 68 (63-74) 1.45 (1.14-1.89)
Main indication P=0.93 P=0.43

for LT

Other 43 5 88 (79-99) 1 15 65 (52-81) 1

Cancer 179 18 90 (86-94) 0.82 (0.42-2.15) 48 73 (67-80) 0.70 (0.46-1.15)

Cirrhosis 291 35 88 (84-92) 0.97 (0.51-2.77) 80 72 (67-78) 0.70 (0.48-0.85)

Acute hepatitis 19 2 90 (77-100) 0.85 (0.00-2.81) 3 84 (69-100) 0.38 (0.00-0.85)

*A total of 3 patients were excluded for transplant survival <24 hours.

tool such as disease-free survival or the disease-free
progression in oncology. This type of tool is currently
lacking in LT clinical research.(®

The ABCFS curve described an inflection point
at 1 year (Fig. 2). As shown by the distribution fre-
quency of ABC (Fig. 1), the 1-year ABCFS took into
account more than 90% of all ABCs. After the first
year, most events were re-LIs or deaths, and the slopes
of ABCFS and transplant survival curves were almost
parallel (Fig. 2). The 1-year ABCFS was therefore
indicative of the transplant survival 5 or 6 years later.
The first-year cutoff was chosen for the following 2
reasons: (1) a statistical reason because the effect was
time dependent and the earlier the ABC, the stronger
the effect on transplant survival (not shown), and (2) a
follow-up of 1 year is clinically relevant.

The “first-year ABC” was analyzed as a nominal
variable (yes/no). We observed that “first-year ABC”
was prognostic for the transplant survival in every
group tested, but not for patient survival. This last
result was not surprising because patient survival could
be influenced by the re-LT rate.

At the root of the ABCEFS is the definition used for

ABC, which prompts several comments:

1. We considered the treatment of the complication
rather than the diagnosis because the date of treat-
ment was more precise than the date of diagnosis.

2. Arterial and biliary complications are specific to
the LT' process, and any such complications may
lead to a graft loss. Furthermore, arterial and bil-
iary complications may be combined during the

follow-up. %’
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TABLE 6. Summary Data of the 3 Cohorts

PSL Cohort, HMN Cohort, HUB Cohort,

Variable 2008-2017 (n=532) 2011-2015 (n=249)  PValue*  2011-2015 (n=229)  PValuet
Donor age 59 (44-70) 65 (48-76) 0.002 58 (47-70) 0.94
Donor female sex 232 (44) 131 (53) 0.02 101 (44) 0.90
ET-DRI 1.5(1.3-1.8) 1.8 (1.7-2.0) <0.001 1.7 (1.4-2.0) <0.001
BAR score 8 (4-13) 7 (3-13) 0.68 5(3-8) <0.001
Recipient female sex 112 (21) 65 (26) 0.12 56 (25) 0.30
Recipient age 57 (49-63) 56 (49-62) 0.13 57 (51-63) 0.38
Hospitalized in ICU af LT 130 (24) 58 (23) 0.73 0(0) <0.001
MELD score 18 (10-31) 17 (9-28) 0.02 15 (9-21) <0.001
Indications <0.001 0.003

Decompensated cirrhosis 304 (57) 103 (41) 114 (50)

Cancer 179 (33) 121 (48) 94 (47)

ALF 19 (4) 0(0) 0(0)

Cholestatic liver diseases 10(2) 15 (6) 5(2)

Other 20 (4) 10 (4) 16 (7)
Mortality at 3 months 24 (5) 22 (9) 0.02 13 (6) 0.49
Re-LT at 3 months 8(2) 14 (6) 0.001 10 (4) 0.02
ABC af 12 months 99 (18) 59 (24) 0.10 38(17) 0.51

Arterial 39 (7) 25(10) 0.20 12 (5) 0.29

Biliary 68 (13) 43 (17) 0.10 28 (12) 0.83
Follow-up, years 2.9 (1.4-5.8) 6.2 (5.2-7.3) <0.001 6.0 (4.6-7.4) <0.001

NOTE: Continuous variables are expressed as median (IQR). Categorical variables are expressed as number (percentage).

*PSL cohort versus HMN cohort.
TPSL cohort versus HUB cohort.

3. Portal vein or caval complications occur but rarely
lead to a specific treatment of Dindo-Clavien class
>III (PSL series: 2%, 10/532 LTs).

4. Our definition did not capture clinically silent he-
patic artery occlusion or biliary strictures. However,
if asymptomatic, long-term transplant survival may
be observed.?

5. ABC is accessible by a computerized request from
the financial database of the health care depart-
ment, even retrospectively.

6. Treatment implies additional cost, and often a re-
admission, as our results confirm.

Finally, ABCFS was correlated to transplant and
patient survival, and the 1-year ABCFS was indicative
of 5-year transplant survival (Fig. 2). Although “a cor-
relate does not a surrogate make,”® subject to future
validations by randomized trials or retrospective stud-
ies from large cohorts, our results suggest that ABCFES
is a metric that could become a surrogate in L'T.

In conclusion, this study has several limitations, and
our results will need to be confirmed in further work.
This was a retrospective study with all its inherent

12 | ORIGINAL ARTICLE

limitations. Despite external validation, biases cannot
be ruled out. ABCFS must be validated in an interna-
tional registry, such as the European Liver Transplant
Registry. From the 5-year survival results from these
registries, it would be interesting to see whether
small cohorts observed similar 1-year results with the
ABCEFS method. A future way of standard outcome
evaluation could be a computerized extraction of ther-
apeutic acts following L'T" with semiautomatic ABCFS
calculation (complex or nonlinear ABC [Table 1]
should be checked by a clinician).

However, taken together, our results argue for con-
sidering ABCFS as a valid and useful primary end-

point for future studies assessing the outcomes of LT.

REFERENCES

1) Asrani SK, Kim WR, Edwards EB, Larson JJ, Thabut G, Kremers
WK, et al. Impact of the center on graft failure after liver trans-
plantation. Liver Transpl 2013;19:957-964.

2) Merion RM, Schaubel DE, Dykstra DM, Freeman RB, Port FK,
Wolfe RA. The survival benefit of liver transplantation. Am J
Transplant 2005;5:307-313.



LIVER TRANSPLANTATION, Vol. 0, No. 0, 2021

3)

4

=

5

=

6

=

7

—

8

=

9

~

10

=

11)

12)

13)

14)

15)

16)

17)

Adam R, Delvart V, Karam V, Ducerf C, Navarro F, Letoublon
C, et al. Compared efficacy of preservation solutions in liver trans-
plantation: a long-term graft outcome study from the European
Liver Transplant Registry. Am ] Transplant 2015;15:395-406.
Agopian VG, Petrowsky H, Kaldas FM, Zarrinpar A, Farmer
DG, Yersiz H, et al. The evolution of liver transplantation during
3 decades: analysis of 5347 consecutive liver transplants at a single
center. Ann Surg 2013;258:409-421.

Braat AE, Blok JJ, Putter H, Adam R, Burroughs AK, Rahmel
AQ, et al. The Eurotransplant donor risk index in liver transplan-
tation: ET-DRI. Am J Transplant 2012;12:2789-2796.
Dutkowski P, Oberkofler CE, Slankamenac K, Puhan MA,
Schadde E, Miillhaupt B, et al. Are there better guidelines for
allocation in liver transplantation? A novel score targeting justice
and utility in the model for end-stage liver disease era. Ann Surg
2011;254:745-753.

Avolio AW, Cillo U, Salizzoni M, De Carlis L, Colledan M,
Gerunda GE, et al. Balancing donor and recipient risk factors in
liver transplantation: the value of D-MELD with particular refer-
ence to HCV recipients. Am J Transplant 2011;11:2724-2736.
Olthoff KM, Kulik L, Samstein B, Kaminski M, Abecassis M,
Emond J, et al. Validation of a current definition of early allograft
dysfunction in liver transplant recipients and analysis of risk fac-
tors. Liver Transpl 2010;16:943-949.

Salvalaggio P, Afonso RC, Felga G, Ferraz-Neto BH. A proposal
to grade the severity of early allograft dysfunction after liver trans-
plantation. Einstein (Sao Paulo) 2013;11:23-31.

Pareja E, Cortes M, Hervas D, Mir ], Valdivieso A, Castell JV,
Lahoz A. A score model for the continuous grading of early al-
lograft dysfunction severity. Liver Transpl 2015;21:38-46.
Agopian VG,  Harlander-Locke ~MP,  Markovic D,
Dumronggittigule W, Xia V, Kaldas FM, et al. Evaluation of early
allograft function using the liver graft assessment following trans-
plantation risk score model. JAMA Surg 2018;153:436-444.
Avolio AW, Franco A, Schlegel A, Lai Q, Meli S, Burra P, et al.
Development and validation of a comprehensive model to estimate
early allograft failure among patients requiring early liver retrans-
plant. JAMA Surg 2020;155:¢204095.

van Rijn R, Schurink IJ, de Vries Y, van den Berg AP, Cerisuelo
CM, Darwish MS, et al. Hypothermic machine perfusion
in liver transplantation—a randomized trial. N Engl J Med
2021;384:1391-1401.

Muller X, Marcon F, Sapisochin G, Marquez M, Dondero F,
Rayar M, et al. Defining benchmarks in biver bransplantation: a
multicenter outcome analysis determining best achievable results.
Ann Surg 2018;267:419-425.

Richards J, Gimson A, Joh Y, Watson C, Neuberger ]J. Trials &
Tribulations of Liver Transplantation- are trials now prohibitive
without surrogate endpoints? Liver Transpl 2021;27:747-755.
Buyse M, Burzykowski T, Carroll K, Michiels S, Sargent DJ,
Miller LL, et al. Progression-free survival is a surrogate for survival
in advanced colorectal cancer. ] Clin Oncol 2007;25:5218-5224.
Tang PA, Bentzen SM, Chen EX, Siu LL. Surrogate end points for
median overall survival in metastatic colorectal cancer: literature-
based analysis from 39 randomized controlled trials of first-line

chemotherapy. ] Clin Oncol 2007;25:4562-4568.

SAVIER ET AL.

18) Savier E, Khalfallah M, Jeune F, De Rycke Y, Rousseau G, Perdigao

19

20

21

22

23

24

25

26

27

28

29

30

~

=

=

)

)

=

=

=

—

N

=

=

F, et al. Arterial and biliary complication free survival (ABC FS).
A new method to evaluat the outcome of liver transplantation.
Example on liver transplantation. 2017. International liver trans-
plantation society. The 2017 joint international congress of ILTS,
ELITA & &LICAGE. Prague. May 24-27, 2017. https://confe
renceresource.ilts.org/mediatheque/results.aspx>channel=24553
&search=%7B%22Text%22%3A%22savier%22%7D&search_ex-
pr=savier. Accessed August 31, 2021.

Axelrod DA, Lentine KL, Xiao H, Dzebisashvilli N, Schnitzler
M, Tuttle-Newhall JE, Segev DL. National assessment of early
biliary complications following liver transplantation: incidence and
outcomes. Liver Transpl 2014;20:446-456.

Dindo D, Demartines N, Clavien PA. Classification of surgical
complications: a new proposal with evaluation in a cohort of 6336
patients and results of a survey. Ann Surg 2004;240:205-213.
Ploeg R], D’alessandro AM, Knechtle S]J, Stegall MD, Pirsch JD,
Hoffmann RM, et al. Risk factors for primary dysfunction after
liver transplantation—a multivariate analysis. Transplantation
1993;55:807-813.

Kalisvaart M, Schlegel A, Umbro I, de Haan JE, Scalera I, Polak
WG, et al. The impact of combined warm ischemia time on devel-
opment of acute kidney injury in donation after circulatory death
liver transplantation: stay within the golden hour. Transplantation
2018;102:783-793.

Schemper M, Kaider A, Wakounig S, Heinze G. Estimating the
correlation of bivariate failure times under censoring. Stat Med
2013;32:4781-4790.

Houben P, Dohler B, Weiss KH, Mieth M, Mehrabi A, Susal C.
Differential Influence of donor age depending on the indication
for liver transplantation—a collaborative transplant study report.
Transplantation 2020;104:779-787.

Schlegel A, Muller X, Kalisvaart M, Muellhaupt B, Perera
MTPR, Isaac JR, et al. Outcomes of DCD liver transplantation
using organs treated by hypothermic oxygenated perfusion before
implantation. ] Hepatol 2019;70:50-57.

van Rijn R, Karimian N, Matton APM, Burlage LC, Westerkamp
AC, van den Berg AP, et al. Dual hypothermic oxygenated ma-
chine perfusion in liver transplants donated after circulatory death.
Br J Surg 2017;104:907-917.

Nasralla D, Coussios CC, Mergental H, Akhtar MZ, Butler AJ,
Ceresa CDL, et al. A randomized trial of normothermic preserva-
tion in liver transplantation. Nature 2018;557:50-56.

Savier E, Lim C, Rayar M, Orlando F, Boudjema K, Mohkam K,
etal. Favorable outcomes of liver transplantation from controlled cir-
culatory death donors using normothermic regional perfusion com-
pared to brain death donors. Transplantation 2020;104:1943-1951.
Breguet R, Dondero F, Pupulim L, Goossens N, Sepulveda A,
Francoz C, et al. Endovascular treatment of arterial complications
after liver transplantation: long-term follow-up evaluated on dop-
pler ultrasound and magnetic resonance cholangiopancreatogra-
phy. Cardiovasc Intervent Radiol 2019;42:381-388.

Mourad MM, Liossis C, Gunson BK, Mergental H, Isaac
J, Muiesan P, et al. Etiology and management of hepatic
artery thrombosis after adult liver transplantation. Liver Transpl

2014;20:713-723.

ORIGINAL ARTICLE | 13


https://conferenceresource.ilts.org/mediatheque/results.aspx?channel=24553&search=%7B%22Text%22%3A%22savier%22%7D&search_expr=savier
https://conferenceresource.ilts.org/mediatheque/results.aspx?channel=24553&search=%7B%22Text%22%3A%22savier%22%7D&search_expr=savier
https://conferenceresource.ilts.org/mediatheque/results.aspx?channel=24553&search=%7B%22Text%22%3A%22savier%22%7D&search_expr=savier
https://conferenceresource.ilts.org/mediatheque/results.aspx?channel=24553&search=%7B%22Text%22%3A%22savier%22%7D&search_expr=savier

