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IMPORTANCE Ischemia-reperfusion injury contributes to graft dysfunction after
liver transplant. Hypothermic oxygenated perfusion (HOPE) has been shown to improve
liver function, but its benefit in extended criteria donors in a US population remains unclear.

OBJECTIVE To assess whether back-to-base portal-venous HOPE impacts outcomes
after liver transplant in the US.

DESIGN, SETTING, AND PARTICIPANTS The Bridge to HOPE Trial is a multicenter, randomized,
open-label trial with 1-year follow-up. The study took place at 15 US liver transplant centers
and patients were enrolled between January 2021 and May 2023. Central assessment of
complications and cholangiograms for nonanastomotic biliary strictures (NAS) was blinded to
treatment arm. Participants included 219 recipients of extended-criteria donor livers after
brain death (DBD) and after circulatory death (DCD) who were randomized 1:1 to HOPE after
static cold storage (SCS) (n = 109) or SCS only (n = 110). Randomization was performed after
liver inspection and acceptance for transplant. Data were analyzed from December 2024

to July 2025.

INTERVENTION After SCS and transport, livers underwent portal-venous HOPE until implant,
using the VitaSmart HOPE System.

MAIN OUTCOMES AND MEASURES The primary efficacy end point was early allograft
dysfunction (EAD). Other main outcomes included model for early allograft function (MEAF)
score, hospital length of stay (LOS), patient and graft survival, and biliary complications.
Additional post hoc analyses were performed.

RESULTS Overall, 219 patients (82 female [37.4%] and 137 male[62.6%]) were included (DCD,
57 of 219 [26%]) with 97% (212 of 219) completing 12-month follow-up. EAD incidence
was 20.2% (22 of 109) with HOPE vs 37.3% (41 of 110) with SCS (rate difference, -17.1%;
95% Cl, -27.2 to -7.0; noninferiority P < .001; superiority P = .005). HOPE treatment led to
significantly lower MEAF mean (SD) scores (HOPE group, 4.28 [1.75]; control group, 4.82
[1.85]; mean difference, -0.54; 95% Cl, -1.02 to -0.06; P = .03) and shorter median LOS
(hazard ratio, 1.32; 95% Cl, 1.01-1.73; P = .04). NAS on imaging and 1-year survivals were
comparable between groups (patients: HOPE group, 106 of 109 [97.2%] vs SCS, 106 of 110
[96.4%]; graft: HOPE group, 104 of 109 [95.4%] vs SCS, 102 of 110 [92.7%]). Post hoc
analyses showed numerically less graft loss due to NAS after HOPE (4 vs 1) and less major
complications (Clavien-Dindo classification =Illa) per patient, respectively.

CONCLUSIONS AND RELEVANCE Back-to-base portal-venous HOPE was compared with SCS
alone for extended risk DBD and DCD livers. The HOPE approach was safe and associated
with reduced EAD, MEAF score, and LOS. These findings support the use of HOPE as a
pragmatic strategy to improve early posttransplant outcomes.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCTO5045794.
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achine perfusion (MP) has emerged as a major ad-
M vance in organ transplant. Three techniques are cur-
rently in clinical use: 2 ex-situ approaches—
hypothermic oxygenated perfusion (HOPE)! and normothermic
machine perfusion?—and 1in-situ strategy—normothermic re-
gional perfusion applied in donation after circulatory death do-
nors (DCD).? Since the first randomized clinical trial (RCT)
with normothermic machine perfusion in 2018, 10 RCTs have
evaluated perfusion techniques.**2

Seven RCTs of HOPE demonstrate consistent clinical and
economic benefits after liver transplant,”''>!* including re-
ductions in early allograft dysfunction (EAD), complications,
hospital length of stay (LOS), and graft loss compared with static
cold storage (SCS). Most trials primarily enrolled donation
after brain death (DBD) livers with limited donor risk, repre-
sented by a donor risk index (DRI) of 1.6 to 1.8 points.5-%-11:13-16
Asaresult, evidence for back to base HOPE in higher-risk grafts
remains limited to 1relatively small DBD RCT from Germany*®
and 1 European DCD RCT. In the latter, Van Rijn et al” re-
ported differences in nonanastomotic biliary strictures (NAS)
in a donor liver cohort with an elevated DRI of 2.12 points.
In this trial, HOPE perfusion was applied through both liver
inflow vessels (dual HOPE), a more complex approach requir-
ing additional cannulation of the arterial axis.”

Liver enzyme release or EAD within the first week after
transplant were selected as the primary end point for many
trials.®19:131417 Tyyo European RCTs reported major biliary” and
major overall complications instead.® Although HOPE is widely
adopted in Europe, the US experience remains limited, with
only 1 RCT presented to date, perfusing livers dually without
active perfusate oxygenation and with a median DRI of 1.6.1
In contrast, normothermic perfusion devices have been used
in the US since their US Food and Drug Administration ap-
proval in 2021, associated with high resource requirements,
highlighting an unmet need for a simpler, clinically effective
preservation strategy that can be easily implemented in rou-
tine clinical practice.

We conducted a multicenter RCT assessing the effect of
back-to-base portal-venous HOPE on posttransplant out-
comes using extended criteria donor livers in the US.

Methods

Study Design

The Bridge to HOPE Trial was a prospective, multicenter, ran-
domized trial comparing SCS followed by HOPE with SCS alone
(trial protocol [Supplement 1], addendum [Supplement 2], and
statistical plan [Supplement 3]). After liver acceptance, recipi-
ents were randomized 1:1 to HOPE or SCS, stratified by trans-
plant center and donor type (DBD, DCD), using an interactive
web-response system. All livers were transported under SCS.
Control grafts proceeded directly to implant, while HOPE grafts
underwent back-to-base perfusion. Randomization was per-
formed after liver acceptance and was not driven by logistics.
The trial was conducted at 15 US transplant centers between
January 2022 and May 2023. Institutional review board ap-
proval and written informed consent were obtained at all sites
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Key Points

Question Does back-to-base portal-venous hypothermic
oxygenated perfusion (HOPE) improve recipient outcomes
compared with static cold storage alone?

Findings This randomized clinical trial included 219 adult
recipients of liver transplants from both extended criteria
brain-dead and circulatory-death donors at 15 US centers.

HOPE resulted in reduced early allograft dysfunction compared
with static cold storage alone; additionally, HOPE was associated
with lower model for early allograft function score and shorter
hospital stays.

Meaning In this study, back-to-base portal-venous HOPE
was associated with improved outcomes after liver transplant
compared with static cold storage.

inaccordance with the Common Rule.'® The trial followed Good
Clinical Practice Guidelines'® and Consolidated Standards of
Reporting Trials (CONSORT) reporting guidelines.2°

Participants

Whole-organ extended criteria donor livers from DBD and DCD
donors were included. DBD donors were aged 18 to 85 years
with at least 1 risk factor (age =50 years, macrosteatosis
10%-40%, elevated terminal alanine aminotransferase [ALT]
of 250-1500 IU/L, peak ALT within 3 days 1000-3000 IU/L,
and/or terminal total bilirubin of 2-4 mg/dL). DCD donors were
aged 18 to 60 years with functional donor warm ischemia time
(DWIT) of 35 minutes or less, macrosteatosis 20% or less, and
defined biochemical thresholds (terminal donor ALT <500 IU/L,
peak ALT within 3 days <2000 IU/L, and terminal total biliru-
bin <3 mg/dL) (Supplement 1; eTable 1in Supplement 4). Func-
tional DWIT was defined as the time interval from donor mean
arterial pressure less than 50 mm Hg to donor cross clamp.
All grafts were procured using cold flush and storage; normo-
thermic regional perfusion was not used.

Recipients were excluded if younger than 18 years old, had
fulminant hepatic failure, hepatocellular carcinoma outside
Milan Criteria,?! multiorgan transplant, ventilator depen-
dence, or intravenous inotrope requirement (eTable 1in Supple-
ment 4). Organ allocation and acceptance were per standard
of care. Surgical teams were unblinded due to the perfusion
intervention.

HOPE

After backbench preparation and flush with 1L Belzer Machine
Perfusion Solution, end-ischemic HOPE was performed
using the VitaSmart HOPE System through the portal vein.
Actively oxygenated perfusate (peak oxygen =60 kPa) was
delivered at 3 mm Hg or less pressure, 250 mL or less per min-
ute flow, and 4 to 12 °C, for 90 minutes to 5 hours (eFigure 1in
Supplement 4).

Prespecified End Points

Recipients were assessed daily through day 7 or discharge and
at day 14 and months 1, 3, 6, and 12. The primary efficacy end
point was EAD per Olthoff criteria.?? Coprimary safety end
points were 6-month patient and graft survival.
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Secondary end points included Model for Early Allograft
Function (MEAF) score,?* primary nonfunction, LOS, inten-
sive care unit stay, duration of kidney replacement therapy af-
ter transplant, NAS, biopsy-proven acute cellular rejection
(ACR), liver utilization, 1-month and 12-month survival, ad-
verse events (AEs), and serious AEs (SAEs).

Trial-driven magnetic resonance cholangiopancreatogra-
phy at 6-month and 12-month posttransplant were per-
formed in the presence of prior biliary ductal intervention (en-
doscopic, radiologic, or surgical), use of antibiotics for
cholangitis, or elevated cholestatic laboratory values. NAS were
centrally identified by a blinded radiologist from magnetic
resonance cholangiopancreatography and/or endoscopic ret-
rograde cholangiopancreatography.

Post Hoc Analyses

Post hoc analyses included biliary complications (anasto-
motic strictures, bile leaks, interventions in the absence of
hepatic artery thrombosis, NAS grading according to Croome
et al,?* and disease course at 1-year follow-up). NAS resolu-
tion was defined as stent free and with no abnormal labora-
tory results or unresolved AEs at 12 months attributable to
NAS formerly requiring treatment, causing abnormal labora-
tory results, or AEs. Further analyses included vascular com-
plications, outlier LOS (>10 days; >20 days), steroid-resistant
ACR, and death-censored graft survival. Clavien-Dindo
graded complications?® were summarized using the Compre-
hensive Complication Index (CCI)2® by 2 reviewers
blinded to randomization assignment (S.S. and A.S.)
(Supplement 4).2” Major complications (>IIla) were analyzed
per patient and overall, including donor-type subgroups.
Detailed information on liver-related complications is pro-
vided in Supplement 4.

Statistical Analyses

Trial analyses were performed on the modified intention-to-
treat (mITT) population (randomized, completed transplant
surgery). The primary analysis for EAD was a comparison
between the HOPE and SCS groups using a 1-sided (1%) con-
fidence interval (Farrington-Manning method) and a 5%
noninferiority margin. If noninferiority was met for the
HOPE group, a test for superiority was conducted at the 5%
2-sided level. We estimated that a sample of 244 mITT
patients would provide the trial with 80% power at a 1-sided
significance level of 0.025 to detect a significant difference
assuming EAD proportions of 27.0% and 17.0% or more in
the control and HOPE groups, respectively. Missing labora-
tory data used to evaluate EAD were addressed through sen-
sitivity analyses including multiple imputation methods
(Supplement 2). The safety population included all patients
that started transplant surgery; all transplant surgeries com-
pleted successfully, therefore, the mITT and safety popula-
tions were the same. An interim analysis was planned for the
first 70% of randomized participants (170 participants), with
a possibility to halt further enrollment if the primary efficacy
end point was met. The level of a for the interim and final
analyses was determined using the group-sequential Lan-
DeMets a spending function method, using the O’Brien-
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Fleming a spending function. Results included EAD rates of
23.0% (16 of 83) for HOPE and 40.8% (34 of 87) for control, a
difference that was statistically significant for both noninfe-
riority (P = .001) and superiority (P = .02). End points were
reviewed by the Data Safety and Monitoring Board and
enrollment was subsequently stopped at 219 randomized
patients.

Outcomes were summarized using odds ratios, hazard ra-
tios, or mean/median differences as appropriate. Kaplan-
Meier methods were used for survival analyses. Statistical
analyses were performed by an independent biostatistician
using SAS version 9.4 (SAS Institute), SPSS version 24 (IBM),
and GraphPad Prism version 8 (GraphPad).

. |
Results

Participants

Of 228 randomized livers, 9 transplants were cancelled (4 in
the control 5 in the HOPE group) due to clinical contraindica-
tions unrelated to the study (Figure 1; eFigure 2 in Supple-
ment 4); no perfusions were initiated in these HOPE cases.
Overall, 219 liver transplants were performed (control group
n = 110; HOPE group n = 109) and included in the mITT
and safety analyses. Seven discontinuations occurred
due to death; all remaining patients completed 12-month
follow-up.

Donor and recipient risk were balanced, with median
DRIs of 2.0 (IQR, 1.7-2.3) vs 2.1 (IQR,1.7-2.3) and median
MELD-Na scores of 21.5 (IQR, 15.0-27.0) vs 23.0 (IQR, 15.0-
26.0) in the control and HOPE groups, respectively. Donors
older than 60 years and with prolonged functional DWIT in
DCDs were more frequent in the HOPE group (Table 1).
Detailed donor-risk distribution among study groups and
graft types is shown in eTable 2 in Supplement 4. Perfusion
parameters were within protocol ranges, including mean
flow 243.4 mL per minute, pressure 0.8 mm Hg, tempera-
ture 6.7 °C, median duration 121 minutes (IQR, 100.5-156.5),
and median perfusate peak oxygen of 70 kPa, (IQR, 65-81)
(eFigure 3 in Supplement 4).

Primary End Points

The proportion of patients with EAD (primary efficacy end
point) was significantly lower in the HOPE group than in the
control group (22 of 109 [20.2%] vs 41 of 110 [37.3%]; inci-
dence rate difference, -17.1%; 95% CI, -27.2 to -7.0), meet-
ing criteria for noninferiority (P < .001) and superiority
(P = .005) (Table 2, Figure 2A). Results were consistent with
multiple imputation. Most EAD events were due to elevated
transaminases more than 2000 U/L. No center effect was
observed.

Six-month patient and graft survival were similar be-
tween the HOPE and control groups (patient survival: 107 of
109[98.2%]vs 110 0f 110 [100%] and graft survival: 107 of 109
[98.2%] vs 106 of 110 [96.4%]) (eTable 3 in Supplement 4).
In DCD grafts, 6-month graft survival favored HOPE (28 of
28 [100%] vs 24 of 27 [88.9%]), while DBD outcomes were
comparable.
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Figure 1. Bridge to HOPE Trial CONSORT Diagram for Enrolled Donor Livers in the Trial

228 Recipients/livers randomized?

113 Randomized to HOPE (ITT) 115 Randomized to control (ITT)

4 Livers declined
4 Livers declined? 1 Centrizonal necrosis
ibrosi 1 Poor flush
2 Fibrosis )
— 1 Donor lung carcinoma
1 Donor HAT Lo
1 Donor hepatic artery calcifications , LIRS
1 Liver reallocated

1 Patient was COVID positive®

‘ 109 Transplanted (mITT/safety)d ‘ ‘ 110 Transplanted (mITT/safety) ‘
> 3 Recipients terminated early (death) ‘ > 4 Recipients terminated early (death)
‘ 106 Completed follow-up ‘ ‘ 106 Completed follow-up ‘
Atotal number of 228 livers were randomized and 219 livers were transplanted randomized into the ITT population for transplant.

according to protocol, eg, 110 in the control group (static cold storage) and 109 in
the hypothermic oxygenated perfusion (HOPE) group (dropout rates, 4.3%

[5of 115] and 3.5% [4 of 113], respectively). ITT indicates intention-to-treat;

HAT, hepatic artery thrombosis; mITT, modified intention-to-treat. d0ne HOPE transplant completed without perfusion due to recipient caval tear
with bleeding requiring rapid hepatectomy and graft implantation.

PAll livers randomized to HOPE declined prior to perfusion.
“Intended recipient was COVID positive, liver reallocated to nonstudy participant.

2All donation after brain death and donation after circulatory death livers that
were determined to be study eligible after acceptance for transplant were

Table 1. Donor Demographics, Preservation, and Recipient Demographics

No. (%)
Parameters Control (n = 110) HOPE (n = 109) Missing
Donor
No. of DCD 27 (24.5) 28 (25.7)
Age, y, median (IQR) 54.4 (40.2-62.0) 56.7 (47.1-63.6) 0
>60 30(27.3) 40(36.7)
DBD only, y, median (IQR) 58.3 (50.0-65.2) 60.9 (50.7-64.9)
DCD only, y, median (IQR) 39.6 (33.6-45.6) 46.4 (34.2-54.9)
Sex
Female 48 (43.6) 48 (44.0) 0
Male 62 (56.4) 61 (56.0) 0
Height, m, median (IQR) 1.7 (1.6-1.8) 1.7 (1.7-1.8) 0
BMI,2 median (IQR) 28.1(24.3-33.7) 28.8(25.0-33.9) 0
DBD only 28.8 (24.4-34.0) 30.0(25.2-53.2)
DCD only 26.5(23.5-32.1) 28.0(23.5-32.0)
Cause of death 0
Anoxia 60 (54.5) 52 (47.7)
Cerebrovascular disease 42 (38.2) 34 (31.2)
Trauma 8(7.3) 23(21.1)
Race
African American 23(20.9) 23(21.1)
White 75 (68.2) 78 (71.6)
Other® 5 (4.5) 5 (4.6)
Unknown 7 (6.4) 3(2.8)
Hispanic/Latino ethnicity 12 (10.9) 11(10.1) 0
Peak ALT, IU/L, median (IQR) 62.5(31.0-175.0) 54.0(29.0-194.0) 0
Terminal ALT, IU/L, median (IQR) 39.0(22.0-101.0) 30.0(20.0-69.0) 0
Total donor warm ischemia time, min,” median (IQR) 24.0(19.0-27.0) 23.5(18.5-29.0) 0
Functional donor warm ischemia time, min, median (IQR)¢  12.0(10.0-17.0) 16.0(10.0-18.0) 1/55(1.8)
Donor risk index, points, median (IQR) 2.0(1.7-2.3) 2.1(1.7-2.3) 0
(continued)
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Table 1. Donor Demographics, Preservation, and Recipient Demographics (continued)

No. (%)
Parameters Control (n = 110) HOPE (n = 109) Missing
Preservation
Duration of static cold storage, h, median (IQR) 6.1(5.1-6.9) 4.7 (3.9-5.6) 0
Duration of HOPE, min,9 median (IQR)¢ NA 121.0(100.5-156.5) 0
Total preservation time, h, median (IQR) 6.1(5.1-6.9) 6.8(5.8-8.1) 0
Recipient warm ischemia time, 34.0(28.0-42.0) 42.0(33.0-53.0) 0
min, median (IQR)
Recipient Abbreviations:
Age, y, median (IQR) 57.5(51.0-65.0)  59.0(49.0-64.0) O ALT, alanine aminotransferase;
60 10(9.1) 11(10.1) BMI, body mass index; DBD, donation
Y - - - after brain death; DCD, donation
DBD only, y, median (IQR) 57.0(49.0-65.0)  59.0(49.0-64.0) after circulatory death;
DCD only, y, median (IQR) 59.0 (54.5-64.0) 58.5(49.8-63.8) HOPE, hypothermic oxygenated
Sex perfusion; MASH, metabolic
Female 41(37.3) 41(37.6) 0 dysfunction-associated
Male 69 (62.7) 68 (62.4) 0 steatohepatitis; MELD Na, model for
R - - end-stage liver disease with sodium.
ace
; ; 2 Calculated as weight in kilograms
Afr!can American 3(2.7) 3(2.8) divided by height in meters
White 100 (90.9) 101(92.7) squared.
f
Other 7(6.4) 4G.7) b Time interval from withdrawal
Unknown 0 1(0.9) of life to donor cross clamp.
Hispanic/Latino ethnicity 21(19.1) 12(11.0) 0 < Time interval from mean arterial
BMI,? median (IQR) 28.0(25.0-32.0) 30.0(26.0-34.0) 0 pressure less than 50 mm Hg to
Lab MELD Na, points, median (IQR) 21.5(15.0-27.0) 23.0(15.0-26.0) 0 donor cross clamp. One donor in the
>25 points 34(30.9) 35(32.1) 0 control arm did not have a recorded
Recipient underlying time for mean arterial pressure less
liver disease than 50 mm Hg; donor was
Alcoholinduced 52(47.3) 54 (49.5) considered study eligible because
total warm ischemia time
MASH 25(22.7) 34(31.2) was 27 minutes.
Viral hepatitis 9(8.2) 7 (6.4) 40ne HOPE t lant leted
o : ne ransplant complete
Cholt.estatlc liver disease 10(9.1) 4(3.7) without perfusion due to recipient
Autoimmune 7(6.4) 5(4.6) caval tear with bleeding requiring
Hepatocellular carcinoma® 2(1.8) 1(0.9) rapid hepatectomy and graft
Cryptogenic 4(3.6) 3(2.8) implantation.
Other 1(0.9) 1(0.9) € Hepatocellular carcinoma
Hepatocellular carcinoma 31(28.2) 26(23.9) 0 was the main reason for listing.
DBD only 24/83(28.9) 21/81(25.9) f Includes American Indian or Alaska
DCD only 7/27 (25.9) 5/28 (17.9) Native; Asian; Native Hawaii or
Duration of follow up after transplant, d, median (IQR) 366.0(357.0-378.0) 367 (361.0-377.0) 0O Other Pacific Islander; White, Black,
or African American; or other.
Table 2. Primary and Secondary End Points and Results From Post Hoc Analyses
HOPE
Control (n =110) (n=109)
Outcome parameters No. (%) No. (%) Treatment effect (95% CI)? P value Missing, %°
Prespecified end points
EAD (primary) 41(37.3) 22(20.2) Incidence rate difference, =17.1% (-27.2 to -7.0) <.001,.005¢ 1.3
Recipient survival, 12 mo¢ 106 (96.4)° 106 (97.2)F OR, 1.33(0.29-6.10) 71 0
Graft survival, 12 mo¢ 102 (92.7) 104 (95.4) OR, 1.63(0.52-5.15) 40
MEAF score, points, mean (SD) 4.82(1.85) 4.28 (1.75) Mean difference, -0.54 (-1.02 to -0.06) .03 4.1
Primary nonfunction 1(1.0) 0 OR, <0.01 (<0.01 to >9999.99) .50 0
Length of ICU stay, d, 2.0(1.0-4.0) 2.0(1.0-4.0) HR, 1.03(0.79-1.35) .78 0
median (IQR)
Length of hospital stay, d, 11.0(6.0-15.0) 8.0(6.0-12.0) HR,1.32(1.01-1.73) .04 0
median (IQR)
Posttransplant RRT, all® 16 (14.5) 16 (14.7) OR, 1.01 (0.48-2.14) .98 0
Duration of posttransplant RRT, 14.0 (7.0- 33.5) 7.5(5.0-14.0) HR, 1.24(0.61-2.53) .56 0
all, d? median (IQR)
Donor liver utilization, 110/115 (96) 109/113(97) OR, 1.24(0.32-4.74) .75 0
intention-to-treat
Central radiologist diagnosed NAS 6 (5.5) 9(8.3) OR, 1.56 (0.54-4.54) 41 0
Biopsy-proven ACR, 12 mo 21(19.1) 23(21.1) OR, 1.13(0.58-2.20) 71 0
(continued)
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Table 2. Primary and Secondary End Points and Results From Post Hoc Analyses (continued)

Control HOPE
(n =110) (n =109)
Outcome parameters No. (%) No. (%) Treatment effect (95% CI)? P value Missing, %"
Post hoc analyses

Peak AST, 1st wk, IU/L, median 1475 938 Median difference, -537.0 (-817.50 to -62.25) 2.1
(IQR) (673-2453) (433-1706)
Peak ALT, 1st wk, IU/L, median 611 (364-1135) 429 (266-851) Median difference, -181.5 (-282.00 to -4.50) 2.1
(IaR)
Length of hospital stay >10d 56 (50.9) 40 (36.7) OR, 0.56 (0.33-0.96) 0
Length of hospital stay >20 d 16 (14.5) 5(4.6) OR, 0.28 (0.10- 0.80) 0
Posttransplant RRT, 9(8.2) 9(8.3) OR, 1.01 (0.39- 2.65) 0
new need only%"
Duration of posttransplant RRT, 14.0 (7.026.0) 6.0 (5.0-15.0) HR, 1.42 (0.54-3.73) 0
new need only, d,¥
median (IQR)
HAT! 1/108 (0.9) 2/107 (1.9) OR, 2.04 (0.18-22.82) 0
Overall biliary complications' 30/108 (27.8) 22/107 (20.6) OR, 0.67 (0.36-1.26) 0
Anastomotic biliary 27/108 (25.0) 22/107 (20.6) OR, 0.78 (0.41- 1.47) 0
strictures'
Nonanastomotic biliary 6/108 (5.5) 5/107 (4.7) OR, 0.83(0.25-2.82) 0
strictures™
Bile leak' 4/108 (3.7) 6/107 (5.6) OR,1.54 (0.42-5.63)
Banff grading for acute cellular 3.2
rejection®

Mild 6(5.5) 13(11.9) OR, 2.38(0.87-6.52)

Moderate to severe 12 (10.9) 6 (5.5) OR, 0.48 (0.17-1.33)
Steroid-resistant ACR, 12 mo" 9(8.2) 1(0.9) OR, 0.10(0.01-0.83) 0
Comprehensive Complication 45.69 39.69 Median difference, -6.00 (-11.66 to 1.33) 0
Index, 12 mo, points, median (28.9-57.5) (28.5-53.3)
(IQR)
Death censored graft survival, 105 (95.5)™ 107 (98.2)" OR, 2.55(0.48-13.42) 0
12 mo

Abbreviations: ACR, acute cellular rejection; ALT, alanine aminotransferase; AST, aspartate aminotransferase; EAD, early allograft dysfunction according to Olthoff
criteria??; HAT, hepatic artery thrombosis; HOPE, hypothermic oxygenated perfusion; HR, hazard ratio; ICU, intensive care unit; MEAF, model for early allograft
function; NAS, nonanastomotic biliary stricture; OR, odds ratio; RRT, renal replacement therapy.

2 Treatment effect for dichotomous variables presented as OR (logistic regression Wald test used for P value), elapsed time variables presented as HR (log-rank test
for P value), MEAF score presented as mean difference (t test for P value), and other continuous variables as median difference (Mann-Whitney test used for
Pvalue). Treatment effect for EAD presented as incident rate difference (noninferiority/superiority test for P value).

bLaboratory data are represented as missing laboratory tests relative to total protocol required tests; Banff grading is represented as percentage of patients
with missing or indeterminate grade on biopsy.

€ Noninferiority/superiority P values presented without multiple imputation for missing EAD lab data (any missing AST or ALT value during day O through day 7
[or through discharge, whichever is first] or missing bilirubin or international normalized ratio on or before day 7 [or discharge, whichever is first]). 95% Cls for
difference between groups calculated using Farrington-Manning method. Results for multiple imputation for missing data (all participants) include: HOPE group,
20.2%; control group, 37.6%; incident rate difference, -17.4%; 95% Cl, -29.6% to -5.3%; noninferiority P < .001; superiority P = .005).

912-Month graft loss: control group: 1 primary nonfunction, 4 biliary, 1 hyperacute rejection (donation after brain death [DBDJ), 1 congestive heart failure (DBD),
and 1 hepatocellular carcinoma recurrence (DBD); HOPE group: 1biliary, 1 HAT, 1sepsis (DBD), 1 bowel ischemia/sepsis (DBD); 1tuberculosis (donation after
circulatory death [DCD]). 12-Month recipient death: control group: 2 biliary, 1 congestive heart failure, and 1hepatocellular carcinoma recurrence;
HOPE group: 1sepsis, 1bowel ischemia/sepsis, and Ttuberculosis.

€1 cardiac failure (day 324), 1 metastatic hepatocellular carcinoma (day 210), and 2 multiorgan failure (days 218, 299).

f1tuberculosis (day 341) and septic shock at 10 days (respiratory failure, kidney failure) and 68 days (respiratory failure, intestinal ischemia, septic shock).
gIncludes participants on RRT within 2 weeks posttransplant until date of first discontinuation of RRT for longer than 2 weeks.

" Excludes participants on RRT prior to and/or during transplant.

I Excludes early death or retransplant within 3 months posttransplant. Includes clinically relevant cases requiring intervention(s).

J DCD only nonanastomotic biliary strictures: control, 5 of 26 (19%); HOPE, 3 of 27 (11%).

k7 Participants had biopsy results with no Banff grade (3 in control group and 4 in HOPE group).

! Required treatment with thymoglobulin after steroid(s).

™3 Nonanastomotic biliary strictures = ischemic cholangiopathy (days 143, 165, and 188 [DCDs]), 1 primary nonfunction (day 2, DCD) and 1acute rejection
(primary graft failure, day 13, DBD), all livers were retransplanted.

"1 Nonanastomotic biliary strictures = ischemic cholangiopathy (day 207, DCD) and 1 hepatic artery thrombosis (day 196, DCD), all retransplanted.

Secondary End Points Median LOS was significantly shorter with HOPE (8.0 vs
Recipients in the HOPE group had significantly lower MEAF  10.7 days; hazard ratio, 1.32; 95% CI, 1.01-1.73; P = .04)
scores (4.28 vs 4.82; mean difference, -0.54;95% CI, -1.02to  (Table 2, Figure 2B). Renal replacement therapy use
-0.06; P = .03). One primary nonfunction occurred in the posttransplant was similar, but duration was shorter with
control group only. HOPE (7.5 vs 14 days), a difference that was not statistically
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Figure 2. Bar and Line Graphs Showing the Impact of Portal-Venous Hypothermic Oxygenated Perfusion (HOPE) on Outcomes
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A, Number of recipients with early allograft dysfunction (EAD). Lower EAD

in the HOPE group was statistically significant without and with

multiple imputation for missing laboratory data (control group = 37.3%;

HOPE group = 20.2%:; noninferiority P < .001; Farrington-Manning
noninferiority analysis, superiority P = .005 for both analyses).B, Median length
of stay comparing both study groups resulted in a hazard ratio (HR) of 1.32 using
Cox Proportion hazard model. C, Any biliary complication in the liver donation
after circulatory death (DCD) cohort of this study. Treatment effect was
calculated using Log-rank test. D, Clinical course in the DCD study population.
Nonanastomotic biliary stricture (NAS) was identified on imaging by the central
radiologist blinded to treatment group and diagnosed as clinically significant

and in the absence of hepatic artery thrombosis by the site investigator.

Failed: NAS led to reallocated liver transplantation or irreversible liver failure
with contraindication to reallocated liver transplant; ongoing: biliary stenting,
clinically significant abnormal laboratory results or unresolved adverse events
at 12 months attributable by the investigator to NAS; resolved: stent free and no
clinically significant abnormal laboratory results. LR indicates log rank.

2Length of stay more than 20 days: control group, 16 (15%); HOPE group,
5 (5%); odds ratio, 0.28; 95% Cl, 0.10-0.80.

®Length of stay more than 10 days: control group, 56 (51%); HOPE group,
40 (37%); odds ratio, 0.56; 95% Cl, 0.33-0.96.

significant. Consistent with the study design, which man-
dated randomization after liver acceptance, liver utilization
was comparable (109 of 113 [97%] vs 110 of 115 [96%])
(Table 2).

At 12 months, graft survival (104 of 109 [95.4%] vs 102 of
110 [92.7%]) and patient survival (106 of 109 [97.2%] vs 106
of 110 [96.4%]) were similar (Table 2; Figure 3C and D). Over-
all AEs and SAEs were comparable, with slightly more hepa-
tobiliary and infectious AEs in the control group (eTables 5
and 6 in Supplement 4). There were no device-related AEs or
conversions to SCS. Other prespecified end points, including
biopsy-proven ACR, central radiologist diagnosed NAS, and
1-month patient and graft survival, were similar (Table 2;
eTable 3 in Supplement 4). Treatment effects were checked
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across centers for primary and secondary end points.
No meaningful clustering signals were observed.

Post Hoc Analyses
HOPE recipients had lower median peak aspartate aminotrans-
ferase (938; IQR, 433-1706 vs 1475; IQR, 673-2453 U/L) and ALT
(429; IQR, 266-851 vs 611; IQR, 364-1135 U/L) during the first
posttransplant week (Table 2; eFigure 4 in Supplement 4).
Other variables, including LOS longer than 10 days and lon-
ger than 20 days, moderate to severe ACR, and steroid-
resistant ACR, were numerically less frequent with HOPE
(Table 2).

HOPE was further associated with numerically lower
overall biliary complications at 12 months in the overall
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Figure 3. Bar and Line Graphs Showing Complications and Graft and Patient Survival
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cohort (22 of 107 [20.6%] vs 30 of 108 [27.8%]) and in
DCD grafts (Table 2; Figure 2C; eFigure 5 in Supplement 4),
without reaching significance. Anastomotic strictures
(22 of 107 [20.6%] vs 27 of 108 [25.0%]) and interventions
were reduced with HOPE (Table 2; eFigure 5 in Supple-
ment 4). Symptomatic NAS rates were similar in both
groups, but resolution was more frequently associated with
HOPE. Graft loss from NAS occurred mainly in the control
group (Figure 2D; eTables 3 and 4, eFigure 5 in Supple-
ment 4).

Among 1184 complications, the proportion of patients
with at least 1 major Clavien-Dindo classification event IIla
or higher was similar between groups at 12-month. Portal-
venous HOPE was associated with fewer overall major com-
plications (relative risk, 0.80) and fewer liver-related major
complications (relative risk, 0.64) per patient (Figure 3A and
B). Liver-related graft loss and median 12-month CCI trended
lower with HOPE in the overall cohort (39.69; IQR, 28.5-53.3
vs 45.69; IQR, 28.5-53.3) (eFigure 6 in Supplement 4;
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Table 2). Similarly, HOPE was associated with slightly
reduced overall and liver-related graft loss rates in the full
cohort and in DCD liver recipients compared with the control
group (2 of 28 [7%] vs 5 of 27 [19%]) (eFigure 7 in Supple-
ment 4).

|
Discussion

In this multicenter randomized clinical trial, end-ischemic
portal venous HOPE was associated with a significantly
lower rate of early EAD compared with SCS alone in
extended-criteria donor liver transplant in the US. The
observed 17% reduction in EAD, supported by significantly
lower MEAF scores, led to early trial termination at
interim analysis, and it represents a clinically meaningful
improvement in early graft function. Beyond biochemical
markers, HOPE was also associated with a shorter hospital
LOS and demonstrated a safety profile comparable
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with SCS, including similar graft and patient survival,
AEs, dialysis requirements, ACR, and centrally adjudicated
NAS. Post hoc analyses demonstrated trends toward
lower incidences of severe and steroid resistant ACR and
overall biliary complications. Clinically relevant NAS were
numerically less frequent and had a less severe clinical
course in HOPE-treated grafts, with only 1 graft loss com-
pared with 4 after SCS alone. Lastly, a detailed post hoc com-
plication analysis demonstrated fewer major overall and
liver-related Clavien-Dindo complications grade IlIa or
higher per patient with HOPE within 12 months after liver
transplant.

Among the randomized trials of machine perfusion in liver
transplant,*'* most have enrolled lower-risk grafts with DRI
values between 1.6 and 1.8 points.*°'-1314 In contrast, the pre-
sent trial focused on extended-criteria donors, including
DBD and DCD grafts, with a median DRI of 2.0 to 2.1,>28 and
including 26% DCDs—substantially higher than prior USRCTs
(11%-16%).>-%-1* These data support prior European findings
on the effect of HOPE in higher-risk grafts.”5:1°

Consistent with previous HOPE trials,”810-1113:14 [ower EAD
rates in the present study were driven by reduced early trans-
aminase release, a finding that aligns with previously de-
scribed pathways suggesting an attenuation of early ischemia-
reperfusion injury by HOPE.?°-3! Reported EAD rates with
HOPE in prior studies range from 11% to 27%, compared with
16% to 46% with SCS,” 12 aligning with our findings.

The observed reduction in hospital stays parallels earlier
work, including a German trial reporting shorter length
of stay with portal venous HOPE,'° although this outcome re-
mains susceptible to center-level and recipient-related con-
founding.

Post hoc analyses suggested fewer severe and steroid-
resistant ACR episodes and fewer major complications (Clavien-
Dindo grade >I1Ta) with HOPE. These exploratory findings are
consistent with prior clinical and experimental data that
have associated HOPE with posttransplant inflammatory and
immune-related outcomes.”!%*233 Comparable immuno-
logic and clinical effects have been observed in other organs,
including a recent RCT in kidney transplants showing re-
duced delayed graft function, lower ACR rates, and improved
survival with hypothermic oxygenated kidney perfusion.>*

Similarly, biliary complications and clinically relevant NAS
were numerically lower in the HOPE group, with fewer graft
losses, consistent with earlier European and US reports.”!3:32
However, reductions in biliary complications did not reach sta-
tistical significance, possibly reflecting the persistent vulner-
ability of the biliary epithelium despite optimized preserva-
tion and the need for viability assessment.>*

Mechanistically, HOPE was previously associated with re-
duced ischemia reperfusion injury by stabilizing mitochon-
drial respiration, metabolizing accumulated succinate, and re-
ducing oxidative stress during subsequent reperfusion at
transplant.>®

Global adoption of machine liver perfusion remains lim-
ited by logistical and cost concerns. Prior studies conducted
in European health care settings have examined clinical and
economic aspects of HOPE.3”>® A Dutch cost analysis showed
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end-ischemic HOPE to be cost-effective in DCD transplant,
driven by fewer complications and posttransplant interven-
tions, linking reduced complications to cost savings as shown
with other perfusion techniques.”-*° This was further sup-
ported by another European RCT, where the post hoc analy-
sis showed a 74% reduction in severe liver-related complica-
tions in the HOPE arm.® Our trial associated HOPE with fewer
overall and liver-related major (Clavien-Dindo grade >IIla)
complications per patient, supporting European RCT find-
ings using a portal-venous HOPE protocol; however, without
assessment of costs or economic outcomes.'® Similar cost
reductions to those observed in European health care sys-
tems may apply in the US; however, dedicated US-based
cost-effectiveness analyses are required to determine whether
economic benefits observed in Europe translate across health
care settings.>®

Strengths and Limitations

Strengths of this study include late-stage randomization
after procurement and graft acceptance, mitigating against
selection bias and resulting in low and balanced discard
rates between groups, in contrast to trials using earlier ran-
domization with higher control-group discard rates.*° Par-
ticipation of 15 US liver transplant centers supports external
validity.

Recent European data associating prolonged HOPE (4-12
hours) with improved clinical outcomes after transplant,°-42
underline the safety of the 2-hour median HOPE duration in
this study. Combining SCS with subsequent HOPE improves
logistical flexibility across centers and regions.*** Adequate
perfusate oxygenation remains essential for the full HOPE
effect.**

This trial has limitations. EAD, a binary primary end point,
may incompletely represent posttransplant morbidity and
could be influenced by enzyme washout during perfusion;
however, EAD and peak transaminases have been used as the
primary end point in most randomized trials of perfusion
technologies,*®-810:1%14 enabling cross-trial comparison. More-
over, EAD integrates hepatocellular injury with synthetic and
cholestatic function and has been associated with graft fail-
ure and morbidity.®4>-4® In this trial, reduced EAD coincided
with shorter hospital stay and fewer complications, indicat-
ing that the biochemical differences reflect clinically mean-
ingful effects rather than laboratory artifact alone. Despite
randomization, slight imbalances in cold ischemia time, do-
nor cause of death, and recipient diagnosis were observed.
Next, the trial was stopped early based on the statistically sig-
nificant difference for the primary end point EAD, which
may have limited our ability to detect significant differences
in secondary outcomes. Multiple secondary and post hoc analy-
ses may increase the risk of type I errors with limited power.
Longer-term outcomes beyond 1year are not yet available. 4”48
In addition, the use of SCS as the comparator reflects the his-
torical standard of care; however, particularly for DCD grafts,
accumulating evidence suggests that machine perfusion strat-
egies provide superior outcomes compared with SCS, and fu-
ture prospective trials directly comparing different perfusion
approaches are needed.*®
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Conclusions

In summary, in this study, end-ischemic portal venous HOPE
was associated with reduced EAD and shorter hospital stay
in extended-criteria donor liver transplant in the US, with a
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