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ABSTRACT

Introduction During conventional liver transplantation
(CLT), ischaemia-reperfusion injury (IRI) is inevitable and

is associated with complications such as early allograft
dysfunction (EAD), primary non-function and ischaemic-
type biliary lesions. We have established a novel procedure
called ischaemia-free liver transplantation (IFLT). The
results from a pilot study suggest that IFLT might prevent
IRl and yield better transplant outcomes than CLT. The
purpose of this study was to further assess the efficacy
and safety of IFLT versus CLT in patients with end-stage
liver disease.

Methods and analysis This is an investigator-initiated,
open-label, phase Ill, prospective, single-centre randomised
controlled trial on the effects of IFLT in patients with end-
stage liver disease. Adult patients (aged 18-75 years)
eligible for liver transplantation will be screened for
participation in this trial and will be randomised between
the IFLT group (n=34) and the CLT group (n=34). In the

IFLT group, the donor liver will be procured, preserved and
implanted with continuous normothermic machine perfusion
(NMP). In the CLT group, the donor liver will be procured
after a fast cold flush, preserved in 0°C—4°C solution and
implanted under hypothermic and hypoxic conditions.
Patients in both groups will be managed according to the
standard protocol of our centre. The primary end point is the
incidence of EAD after liver transplantation. Intraoperative
and postoperative parameters of donor livers and recipients
will be observed and recorded, and postoperative liver graft
function, complications and recipient and graft survival will
be evaluated. After a 12-month follow-up of the last enrolled
recipient, the outcomes will be analysed to evaluate the
safety and efficacy of IFLT versus CLT in patients with end-
stage liver disease.

Ethics and dissemination The protocol was reviewed
and approved by the Ethics Committee of The First
Affiliated Hospital of Sun Yat-sen University. The findings
will be disseminated to the public through conference
presentations and peer-reviewed scientific journals.

Strengths and limitations of this study
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» This study is the first to compare the efficacy and
safety of ischaemia-free liver transplantation (IFLT)
and conventional liver transplantation (CLT) in
the treatment of end-stage liver disease in a ran-
domised controlled clinical trial.

» The inclusion of a series of well-designed end points
and multiple research parameters will enable an in-
depth analysis of the effects of IFLT on human liver
transplantation.

» The randomisation design will allow us to achieve a
homogeneous distribution of patients between IFLT
and CLT.

» The open-label design is considered a limitation of
this trial, and due to the nature of the surgical pro-
cedure, it is not possible to blind the surgical team
to the group allocation.

Trial registration number ChiCTR1900021158.

INTRODUCTION

Background and rationale

Over the past several decades, liver disease
has become one of the leading causes of
death and illness worldwide.' One-fifth of the
population in China suffers from some kind
of liver disease, and the number of patients
with end-stage liver disease remains high.”
Liver transplantation has been acknowl-
edged as the only effective treatment for
end-stage liver diseases.” Although the short-
term outcome of organ transplantation has
made certain progress in recent years, the
long-term outcome has not been signifi-
cantly improved.* Meanwhile, organ shortage
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has become a worldwide issue, with a large number of
patients dying on the waiting list for liver transplanta-
tion.”® Hence, further improvement of transplant efficacy
and expansion of the donor organ pool have attracted
great attention in the field of organ transplantation.

During the process of conventional organ transplanta-
tion, organs are procured after a fast cold flush, preserved
in 0°C—4°Csolution and implanted under hypothermic
and hypoxic conditions.”” The organs can suffer isch-
aemic injuries during the whole transplant procedure,
so ischaemia-reperfusion injury (IRI) is an inevitable
event in all types of organ transplantation.'’ ' IRT brings
about allograft dysfunction and undermines the function
of other organs, giving rise to a series of complications
and even patient death." "” The incidences of early graft
dysfunction (EAD), primary non-function (PNF) and
ischaemic-type biliary lesions (ITBL) after liver trans-
plantation are around 10%-50%, 3%-7% and 5%-10%,
respectively."™"” For decades, researchers have been
making efforts to reduce the morbidity and mortality
related to IRI. However, owing to the complex molecular
mechanisms of IRI, interventions such as drugs, stem cells
and protective gases exert little effect.'® "

In the pastdecade, there have been tremendous achieve-
ments in the field of machine perfusion technology. It has
been demonstrated that both normothermic machine
perfusion (NMP) and hypothermic oxygenated machine
perfusion (HOPE) can alleviate allograft IRT and improve
transplant outcomes in animal experiments and clinical
trials.** Particularly, conditions close to physiological
status are provided to the grafts during ex vivo NMP.
Therefore, organ repair and graft viability assessment
can be achieved during NMP. The technique has been
successfully applied in lung, liver, kidney and heart trans-
plantation.””*® However, under the current practice, isch-
aemic injuries of organs first occur during procurement
and preparation, before the initiation of NMP and then
once again during implantation after NMP. Therefore,
the organs might suffer a ‘double hit’ of IRI.

We therefore hypothesise that continuous oxygenated
blood supply to the donor liver during the entire period
of donor liver procurement, preservation and implanta-
tion could prevent IRI and significantly reduce the inci-
dence of complications induced by IRI. We established
a reliable ischaemia-free liver transplantation (IFLT)
technique in pigs and reported the first case of IFLT in
humans.” *® During IFLT, the blood supply to the donor
livers is continuously maintained throughout the whole
process of procurement, preservation and implantation.
The results of the first 14 cases of IFLT showed that EAD
occurred in 1 case (7.1%), compared with in 25 (53.2%)
out of 47 cases of conventional liver transplantation (CLT)
with standard static cold storage (SCS) in the same period.
The peak alanine aminotransferase (AST) (369U/L vs
1502U/L, p<0.001) and peak aspartate aminotransferase
(ALT) (201U/L vs 689U/L, p<0.001) within 7 days post-
transplantation were significantly decreased in the IFLT
versus the CLT group. Histological studies showed that in

sharp contrast to CLT, there was no augmentation in the
Suzuki score, hepatocyte apoptosis, inflammatory cyto-
kines, chemokines or activation of inflammatory path-
ways after reperfusion in the IFLT group.

Although the pilot study suggested promising trans-
plant outcomes of IFLT, the design of the study was non-
randomised, and patient selection bias could not be ruled
out. The purpose of this study was to further explore the
efficacy and safety of IFLT in a prospective, randomised
controlled trial.

Objectives

Primary objective

To compare the incidence of IRI-related complications
between IFLT and CLT recipients, as well as the allograft/
recipient survival rate, to further validate the clinical effi-
cacy and safety of IFLT.

Secondary objective
To compare the severity of allograft IRI between IFLT and
CLT by laboratory analysis of peripheral blood and liver
biopsy specimens.

METHODS

This protocol was designed to conform with the Standard
Protocol Items: Recommendations for Interventional
Trials 2013 statement.”’

Study setting
The study will be conducted at The First Affiliated
Hospital, Sun Yat-sen University.

Eligibility criteria

The following inclusion and exclusion criteria will be
applied when recruiting donors and recipients. Only
donors and recipients meeting these criteria will be
recruited into the study.

Donor inclusion criteria

1. Donation after brain death (DBD).

2. Over the age of 18 years, or over the age of 14 years
with body weight >50kg.

3. The donor liver is allocated to a recipient at our own
hospital.

Recipient inclusion criteria

1. Age 18-75 years.

2. End-stage liver disease and active on the waiting list for
liver transplantation.

3. Agreed to receive liver grafts from deceased donors.

4. Able to give informed consent.

5. Able to comply with the study protocol.

Donor exclusion criteria

1. Liversintended forsplitorreduced-size transplantation.

2. High risk of transmitted infections (HIV infection and
active tuberculosis).
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3. Risk of donor malignancy transmission over 10%
according to the Disease Transmission Advisory
Committee categorisations.”

Recipient exclusion criteria

1. Waiting for multivisceral or
transplantation.

. ABO-incompatible liver transplantation.

3. Primary liver cancer beyond the University of Califor-
nia at San Francisco (UCSF) criteria.”’

. Fulminant liver failure.

. Current pregnancy.

. A history of organ transplantation.

. Contraindications defined by the American Association
for the Study of Liver Diseases liver transplant practice
guidelines,”™ except model for end-stage liver disease
score <15.

combined organ

No

O O s

Interventions

Screening

All preoperative evaluation and eligibility scrutiny must

be accomplished before randomisation to ensure that

the donor and recipient match all inclusion criteria.

The investigator will create a screening log to record the

details of all selected donors and recipients to confirm

their eligibility or ineligibility.

1. Donors: when a potential donor comes into sight, brain
death should be confirmed by two doctors. Medical
history-taking and preoperative evaluation should be
conducted following the study protocol. Eligibility will
be determined according to inclusion and exclusion
criteria. The schedule for donor screening is sum-
marised in table 1.

2. Recipients: when an end-stage liver disease patient is
enrolled on the waiting list, medical history-taking and

Table 1 The schedule for donor screening

Screening Retrieval
Contents stage day
Time —7Days-Day 0 Day0
Written informed consent x
Eligibility assessment X
Patient history X
Demographic data X
Vital signs X X
Physical examination X X
Standard routine blood tests %
Standard routine examinations x
Collection of blood specimens X
Liver biopsy X

Standard routine blood tests: blood type, blood/urine/stool routine
test, coagulation function, communicable and infectious diseases,
blood gas analysis, electrolytes, liver/renal/heart/function tests.
Standard routine examinations: ECG, chest X-ray, cardiac and
abdominal colour ultrasound and head/chest/abdomen CT scan.

Table 2 The schedule for recipient screening

Contents Screening stage Transplant day
Time —30Days-Day 0 Day 0
Written informed X

consent

Eligibility assessment  x

Patient history X

Demographic data X

Vital signs X X
Physical examination x X
Performance status X
(ECOQG)

Quality of life (EQ-5D) x
Standard routine X

blood tests

Standard routine X

examinations

Collection of blood x
specimens

Liver biopsy X
Others

Standard routine blood tests: blood type, blood/urine/stool routine
test, coagulation function, communicable and infectious diseases,
electrolytes, liver/renal/heart/function tests.

Standard routine examinations: ECG, chest X-ray, lung function,
cardiac and abdominal colour ultrasound and abdomen CT scan.
Other parameters, such as magnetic resonance, blood gases,
tumour markers and hepatitis B virus DNA, are measured
according to clinical conditions.

ECOG, Eastern Cooperative Oncology Group; EQ-5D, EuroQol-5
Dimension.

preoperative evaluation should be conducted following
the study protocol. Eligibility will be determined ac-
cording to inclusion and exclusion criteria. The sched-
ule for recipient screening is summarised in table 2.

Donor and recipient matching

1. Donor livers are allocated to recipients by the China
Organ Transplant Response System (COTRS) accord-
ing to blood type, patient condition, waiting time and
other routine allocation principles.

2. After an eligible donor liver is allocated to an eligible
recipient in our centre, the donor and recipient are
assigned to the experimental group (IFLT group) or
control group (CLT group) based on randomisation.

Surgical procedures (IFLT versus CLT)

Ischaemia-free liver transplantation

Donor livers from the IFLT group will undergo contin-
uous NMP during procurement, preservation and
implantation.?’

Ischaemia-free procurement of donor liver
Mobilisation of the liver is conducted with a precise tech-
nique. A tube is placed in the common bile duct for bile
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drainage, and the cystic duct is ligated. The coeliac artery
(CA), gastroduodenal artery (GDA), splenic artery (SA),
inferior vena cava (IVC) and portal vein (PV) are well
dissected. An 8-Fr/12-Fr arterial cannula is inserted into
the GDA or SA without interruption of arterial supply for
the liver from the CA. The arterial cannula is connected
to the hepatic artery (HA) perfusion line of the Liver
Assist (Organ Assist, Groningen, The Netherlands). A 3
cm long right external iliac vein is harvested and end-to-
side anastomosed to the portal vein with partial blockage
of the PV for constructing an interposition vein. A straight
24-Fr cannula is connected to the PV perfusion line of the
Liver Assist and then inserted into the PV via the interpo-
sition vein. A 32-Fr to 34-Fr caval cannula is placed in the
infrahepatic inferior vena cava (IHIVC) for outflow to the
organ reservoir of the Liver Assist. The venous drainage of
the suprahepatic inferior vena cava (SHIVC) to the right
atrium is blocked. Then the in situ circuit is established,
and NMP is started. The liver is harvested and transferred
to the organ reservoir under continuous NMP. Immedi-
ately after the liver is removed from the abdominal cavity,
the kidneys are cold-flushed via the cannula within the
abdominal aorta and procured.

Ischaemia-free preservation of donor liver

The liver is transferred to the perfusion device. The
caval cannula is removed immediately when the liver is
moved to the organ reservoir. The liver graft is subjected
to continuous ex situ NMP until allograft re-vascularisa-
tion. The PV perfusion pressure is set at 6-10 mm Hg with
a targeted flow rate >500mL/min. The hepatic artery
pressure is set at 50-60mm Hg with a targeted flow rate
>150mL/min. During the NMP, the pressure and flow
rate are monitored and adjusted to within an appropriate
range. Redundant tissues are removed from the liver and
blood vessels. The SHIVC and IHIVC are examined for
leaks by transient blockage of the IVC. The bile tube is
connected to a collection container. The amount of bile
production is recorded, and the biochemical parameters
is monitored every 60 min. Perfusate samples are taken
for blood gas analysis every 10-20 min and liver function
tests every 30min to monitor the biochemical param-
eters. The viability of the liver is assessed by blood gas
analysis and liver function tests of the perfusate, as well
as bile biochemical parameters, as previously reported.”
For the safety of patients, the viability of grafts during
NMP is confirmed before we start the recipient surgical
procedures.

Ischaemia-free implantation of donor liver

The diseased liver is resected using a routine procedure.
The donor IHIVC is re-cannulated, and the SHIVC is
blocked by a clamp. Then the donor liver is moved from
the reservoir and placed in the recipient’s abdominal
cavity so that an in situ NMP circuit is re-established. The
donor SHIVC is anastomosed to the recipient counter-
parts in a corresponding fashion using 3-0 Prolene based
on the bicaval or piggy-back technique. The donor PV

and HA are anastomosed to the recipient counterparts in
an end-to-end fashion using 5-0 and 7-0 Prolene, respec-
tively. Because of the native and artificial branches on
the HA and PV, all these anastomoses are accomplished
under continuous NMP of the allograft. After that, the
clamps on the PV and HA are released so that the native
dual blood supply for the liver is re-established. At the
same time, NMP ceases after removal of the HA and PV
cannula. Then the cannula within IHIVC is removed,
and around 200 mL perfusate within the liver is flushed
out, followed by release of the clamp on the SHIVC. The
anhepatic phase is over. The donor SA or GDA is ligated
closed, and the interposition vein is sutured closed. The
donor IHIVC is then anastomosed to the recipient IHIVC
or ligated according to the bicaval or piggy-back tech-
nique used. The donor common bile duct is end-to-end
anastomosed to the recipient common bile duct after
withdrawal of the draining tube. After meticulous haemo-
stasis and abdominal closure, the patient is sent to the
post-transplant intensive care unit (ICU).

Recording and assessment of NMP parameters

In the process of NMP, the stability and efficacy of perfu-
sion are monitored, and liver graft function is monitored
by perfusate biochemical tests and blood gas analysis. The
perfusion parameters, regulatory measures, bile produc-
tion and blood gas analysis results are recorded. NMP
parameters are summarised in tables 3-7.

Conventional liver transplantation

Following the standard in situ cold flushing procedure,
the liver will be retrieved and placed in ice-cold Univer-
sity of Wisconsin solution. Back-table preparation will be
performed under standard procedures prior to implanta-
tion. After removal of the diseased liver, the donor liver
is transferred to the abdominal cavity. Following anas-
tomosis of the IVC and PV, the vessels are re-opened to
restore the blood supply of the allograft. Then the donor
artery and bile duct are anastomosed successively. After
meticulous haemostasis and abdominal closure, the
patient is sent to the ICU.

Intraoperative monitoring

The recipient’s condition during operation and anaes-
thesia will be recorded according to the standards and
norms of our centre. Intraoperative monitoring will be
conducted to compare the impacts of IFLT or CLT on the
functions of the donor liver and other organs, such as the
heart, lung, kidney, intestine and brain.

Postoperative management
Both groups are managed according to the patients’
conditions and standard protocols of our centre.

Follow-up

The patients will be followed up for 1year. Postoperative
visits will be performed on postoperative day (POD) 1-7,
POD 14 and each month post-transplantation. Biomedical

4

Huang C, et al. BMJ Open 2020;10:035374. doi:10.1136/bmjopen-2019-035374

"1yBuAdoa Aq parosioid 1sanb Aq zz0z ‘2T YoJe uo jwod’fwg uadolwg//:dny woi papeojumoq "'0zZ0z AeN G UO 1/£G£0-6T0Z-uadolwa/oeTT 0T Se paysignd isii :uado rINg


http://bmjopen.bmj.com/

Open access

|I

"yBuAdoa Aq pa1osiold 1sanb Aq zz0z ‘2T YoJe uo jwod’fwg uadolwg//:dny woi papeojumoq '0zZ0z AeN G UO 1/£G£0-6T0Z-uadolwa/oeTT 0T Se paysignd isii :uado rING

N
o
W
o
'S
o
[<2]
o
(o]
o

100

—
X}
o
>
S
-
@
3
—
®
S

200

H
N
o

Time (min) 10

PCO,(mm Hg)

BE (mmol/L)

sO,(%)
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CI” (mmol/L)

GLU (mmol/L)

Hb (g/L)

BE, base excess; CI’, chloride ion; GLU, glucose; Hb, haemoglobin; HCO,, bicarbonate ion; Hct, haematocrit; iCa, ionised calcium; K,
potassium ion; Lac, lactate; Na*, sodium ion; PCO,, partial pressure of carbon dioxide; pH, pondus hydrogenii; PO,, partial pressure of
oxygen; sO,, oxygen saturation.

values, complications, adverse events and medication Secondary end points

administration records will be documented. Follow-up 1. Post-transplant peak AST: to ensure consistency, se-
information is shown in tables 8-10. rum AST will be measured 5-11hours postreperfu-

sion on POD 1 and at 6-8 am on POD 2-7, and the
Outcomes peak level will be defined as the highest of these val-
Primary end point ues (in TU/L).®

The primary end point is the incidence of EAD within 9
7 days post-transplantation. The diagnosis of EAD is
defined according to the presence of one or more of the
following criteria™:

. Post-transplant peak ALT: serum ALT will be mea-
sured, and the peak level will be defined as AST.
3. Tbil on POD 7.

1. Peak AST >20001U/L within the first seven postoper- 4. INR on POD _7' .
ative days. 5. AST, ALT, Thil, INR, gamma-glutamyl transpeptidase,
9. Peak ALT >20001U /L within the first seven postoper- alkaline phosphatase and lactate dehydrogenase at
ative days. POD 1-7, POD 14, postoperative month (POM) 1,
3. Total bilirubin (Tbil) 210mg/dL on POD 7 (exclusion POM 6 and POM 12.
of biliary stricture). 6. Lactate level at 1hour postreperfusion by arterial
4. International normalised ratio (INR) 21.6 on POD 7. blood gas analysis.

Time (min) 0-20 20 2040 40 40-60 60 60-80 80-100 .. 420

(3]
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Tables_Pertusion device parameter moritorng

Hour 1 2 .. 8
Time Min 0 10 20 30 40 50 O 10 20 30 40 50 0 10 20 30 40 50

PV Pressure (mm
Hg)

Flow rate (mL/
min)

R

T(°0)

HA, hepatic artery; PV, portal vein; R, resistance index; T, temperature.

7. Incidence of PNF: PNF is defined as unavoidable graft of the donor liver (without clamping of hepatic
dysfunction requiring emergency re-transplantation hilum).”’
or leading to death within the first 10 days post- 9. Biliary complications include but are not limited to
transplantation, in the absence of surgical or immu- bile leakage, anastomotic stenosis and ITBL. IBTLs
nological factors.'? *° are non-anastomotic strictures and dilations involv-
8. Postreperfusion syndrome (PRS): PRS is defined as ing only the biliary tree of the graft in the absence of
a decrease in mean arterial pressure 230% in com- hepatic artery thrombosis.”® *

parison with the baseline value, for at least 1 min, 10. Patient survival status at POM 1, POM 6 and POM 12.
occurring during the first 5min after reperfusion 11. Graft survival status at POM 1, POM 6 and POM 12.

Donor blood Perfusate

Preprocurement Intraoperative Postmodulation 0 hour 0.5hour 1.0hour ... Implantation Postreperfusion

Na*
(mmol/L)

AST (U/L)

GGT (UL

GLU
(mmol/L)

Crea
(Mmol/L)
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ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate transaminase; Crea, creatinine; GGT, glutamyl transpeptidase;
GLU, glucose; K*, potassium ion; LDH, lactate dehydrogenase; Na*, sodium ion; Osm, osmotic pressure; Thil, total bilirubin.
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Table 7 Bile composition monitoring

Procurement 1 hour

2hours 3hours 4hours 5hours 6hours 7hours 8hours Implantation Reperfusion

Bile produce
(mL/hour)

pH

H
PCO, ™"
P02 (mm Hg)
BE (mmol/L)

HCO,”
(mmol/L)

s0,(%)

Lac (mmol/L)
Na* (mmol/L)
K* (mmol/L)
CI™ (mmol/L)
iCa (mmol/L)
GLU (mmol/L)

Bile acid
(umol/L)

Cholesterol
(umol/L)

GGT (U/L)
Thil (umol/L)
LDH (U/L)

BE, base excess; ClI7, chloride ion; GGT, glutamyl transpeptidase; GLU, glucose; HCOS’, bicarbonate ion; iCa, ionised calcium; K*, potassium ion;
Lac, lactate; LDH, lactate dehydrogenase; Na*, sodium ion; PCOZ, partial pressure of carbon dioxide; pH, pondus hydrogenii; POE, partial pressure of
oxygen; st, oxygen saturation; Tbil, total bilirubin.

12. Length of post-transplant ICU care.
13. Length of post-transplant hospital stay.

Safety end points

1.

Graft rejection at POM 1, POM 6 and POM 12, in-
cluding clinically diagnosed rejection and pathologi-
cally confirmed rejection with the Banff schema.*

. Vascular complications at POM 1, POM 6 and POM

12, including thrombosis, haemorrhage, embolism
and stenosis of IVC, PV and HA. Patients will undergo
a colour Doppler ultrasound at each time point, and
digital subtraction angiography will be performed
when necessary.

. Acute kidney injury (AKI) within the first seven post-

operative days. AKI will be graded according to the

Kidney Disease: Improving Global Outcomes staging

41
system.

. Estimated glomerular filtration rate (eGFR) at POD

7,POD 14,POM 1, POM 6 and POM 12. eGFR will be
judged according to the chronic kidney disease epi-
demiology collaboration creatinine equation.**

. Need for renal replacement therapy following

transplantation.

. Recipient infection within POM 1. Infections will be

defined on the basis of the standard criteria proposed
by the Centers for Disease Control and Prevention.*

7. Cumulative complications at POM 1, POM 6 and
POM 12. Complications will be graded according to
the comprehensive complication index (CCI) based
on Clavien-Dindo Classification.** **

8. Adverse events (AE) and severe adverse events
(SAE) will be assessed according to National Cancer
Institute-Common Terminology Criteria for Adverse
Events (NCI-CTCAE) (V.5.0) criteria at POM 1, POM
6 and POM 12.

9. Positive perfusate microbial culture rate. At the end
of SCS or NMP, a sample will be collected for microbi-
ological culture (cold preservation solution or warm
perfusate).

10. Organ discard rate.

Self-reported end points
Quality of life will be scored using the EQ-5D question-
naire obtained before transplantation and at POM 1,
POM 6 and POM 12.

Exploratory end points

1. Molecular biological data of IRI and the immune sys-
tem will be evaluated in serum, plasma, whole blood,
liver specimens, bile duct tissue and perfusate at the
above time points during and after transplantation.
The hepatic IRI will be evaluated based on the Suzuki
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POD 1* POD 2 POD 3 POD 4 POD 5 POD 6 POD 7

WBC (10%L)

NEUT%

ALT (U/L)

Tbil (umol/L)

Crea (umol/L)

PA (mg/L)

GGT (U/L)

CK (U/L)

Myoglobin (ng/mL)

Endotoxin (Eu/ml)

Serum lipase (U/L)

Serum cystatin (mg/L)

Complement C1q (mg/L)

Retinol binding protein (mg/L)

Ammonia (mg/L)

INR

D-Dimer (mg/L)

BE (mmol/L)t

PO, (mm Hg)t

HCO,™ (mmol/L)T

Blood culturet o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y

Chest X-rayf o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y
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Table 8 Continued

POD 1* POD 2 POD 3 POD 4 POD 5 POD 6 POD 7
Adverse events o,No,Y o,No,Y o,No,Y o ,No,Y o ,No,Y o,No,Y o,No,Y
Medication records o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y
Recipient survival status o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y
Graft survival status o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y

Blood culture: when the patient's body temperature is above 38°C, blood culture should be carried out according to the patient's condition.
Complications, adverse events and medication records are recorded in detail in the case report form.

*Blood examination 5-11 hours after reperfusion.
TlIf the recipient is still in the ICU or needs arterial blood gas analysis.
FEvery other day within 1 week after operation.

ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate transaminase; BE, base excess; BNP, brain natriuretic
peptide; CK, creatine kinase; CK-MB, creatine kinaseisoenzyme; Crea, creatinine; CRP, C-reactive protein; Fbg, fibrinogen; GGT, glutamyl
transpeptidase; Hb, haemoglobin; HCO,-, bicarbonate ion; INR, international normalized ratio; Lac, lactate; LDH, lactate dehydrogenase;
NEUT%, neutrophilic granulocytepercentage; P?*, phosphonium ion; PA, prealbumin; PCO,, partial pressure of carbon dioxide; PCT,
procalcitonin; pH, pondus hydrogenii; PLT, platelets; PO,, partial pressure of oxygen; PT, prothrombin time; Thil, total bilirubin; US, ultrasound;

WBC, white blood cells.

score.’® Bile duct IRI will be evaluated based on the
Hansen bile duct injury (BDI) score.*”*

2. Functional tests of coagulation, heart, lung, kidney,
intestine, brain and other organs at the above time
points during and after transplantation.

3. The balance between medical expenditure and quality
of life.

Sample size

This study has a 1:1 parallel design, and the sample size
calculation is based on our pilot study. It is estimated that
EAD will occur in 10% of the experimental (IFLT) group
and 40% of the control (CLT) group. With a power of
80% (1-B) and significance level (o, two-sided) of 5%, we
calculated that 32 patients need to be enrolled in each
arm. Considering the possibility of organ discard under
special conditions, the sample size was increased by 5%.
Ultimately, 34 patients in each arm, for a total of 68
patients, will be enrolled in the study.

Recruitment

Recruitment began in February 2019 and will go until the
target sample size is reached (expected: August 2020).
The trial was designed as a prospective, randomised,
controlled, single-centre clinical trial in patients on the
waiting list undergoing liver transplantation. First, donor
and recipient eligibility will be assessed before transplan-
tation. Informed consent will be obtained. All the donors
have to be in our hospital, and the donor livers will be
allocated by COTRS. When a donor liver is allocated to
an informed recipient of our own hospital, the recipient
will be randomly assigned to the IFLT or CLT group.
The number of recipients in the two groups will be allo-
cated 1:1, and the grouping information will be open
label. Postoperative monitoring, treatment and nursing
will be performed according to the same standards and
procedures. Intraoperative parameters, liver graft func-
tion, post-transplant complications and patient/graft
survival will be observed and recorded. After a 12-month

follow-up of the last enrolled recipient, the outcomes will
be analysed to evaluate the safety and efficacy of IFLT in
human liver transplantation. The research overview flow
chart is shown in figure 1.

Randomisation and blinding

This study is a randomised controlled trial, and block
randomisation will be adopted for 1:1 random grouping.
A subject randomisation list will be generated using a
proven central randomisation system by the statistician,
and random allocation numbers will be automatically
handled by the system to avoid bias. When all the inclu-
sion/exclusion criteria are fulfilled, the investigator will
contact the central randomisation system to get a random
number, and then the subject will be allocated to the
experimental or control group based on the number.
This is an open-label study. Because of the nature of the
surgical procedure, it is not possible to blind the surgical
team to the group allocation. Outcome assessors will be
blinded where possible. This includes the diagnostician
interpreting the medical imaging examination as well as
the histopathologists interpreting the biopsy specimens.

Data collection and management

Case report form/electronic database

The investigators should input all subjects’ original obser-
vation records timely, completely and correctly into the
case report form (CRF). The data on the CRF will be
transformed into an electronic database. The CRF and
database will be reviewed by two independent inspectors
for error checking, and then the completed data will be
handed over to the data manager. If there are questions
about a CRE, the data manager will send the Data Clarifi-
cation Form (DCF) to the investigators and contact data
inspectors to solve the doubtful points and return feed-
back. The data manager will confirm, modify and input
data according to the feedback of investigators and send
the DCF again if necessary.
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Table 9 Follow-up period 2 (POD 14 and discharge day)
POD 14 Discharge day

Hb (g/L)

WBC (10%/L)

PLT (10%L)

NEUT%

CRP (mg/L)*

PCT (ng/mL)*

PT (S)

INR

Fbg (g/L)

D-Dimer (mg/L)*

ALT (U/L)

AST (U/L)

Tbil (umol/L)

LDH (U/L)

Crea (umol/L)

ALB (g/L)

PA (mg/L)

ALP (U/L)

GGT (U/L)

Ammonia (mg/L)*
Collection of blood specimens
us*

Performance status (ECOG)
Quality of life (EQ-5D)

Complications o,No,Y  o/No,Y
Adverse events o,No,Y  o,No,Y
Medication records o,No,Y  o,No,Y
Recipient survival status o,No,Y  o,No,Y
Graft survival status o,No,Y  o/No,Y

Complications, adverse events and medication records are
recorded in detail in the case report form.

*If necessary.

ALB, albumin; ALP, alkaline phosphatase; ALT, alanine
aminotransferase; AST, aspartate transaminase; Crea, creatinine;
CRP, C-reactive protein; ECOG, Eastern Cooperative Oncology
Group; EQ-5D, EuroQol-5 Dimension; Fbg, fibrinogen; GGT,
glutamyl transpeptidase; Hb, haemoglobin; INR, international
normalized ratio; LDH, lactate dehydrogenase; NEUT %,
neutrophilic granulocyte percentage; PA, prealbumin; PCT,
procalcitonin; PLT, platelets; PT, prothrombin time; Thil, total
bilirubin; US, ultrasound; WBC, white blood cells.

Database locking

After data review and confirmation, the data managers,
main investigators, statistical analysts, sponsors and
supervisors will jointly audit the data and complete the
final definition of the analysis population. Then the data
manager will lock the database. In general, locked data-
bases or files should not be altered.

Data analysis
The final data will be submitted to the statistical analyst
for statistical analysis.

Analysis plan

Analysis sets

1. Full analysis set: intention-to-treat (ITT). I'TT analysis
is a comparison of the treatment groups that includes
all patients as originally allocated after randomisation.

2. Per-protocol set (PPS): per-protocol analysis is a com-
parison of treatment groups that includes only those
patients who completed the treatment originally
allocated.
The primary end point and secondary end points of the

study will be analysed by ITT and PPS.

Statistics

1. The data analysis will be based on the principle of ITT,
and all statistical analyses will adopt a two-sided test;
p<0.05will be considered statistically significant. After
the database is locked, the data analysis will be per-
formed in STATA V.14.0 software (StataCorp).

2. Demographic information and baseline characteristics
will be analysed using descriptive statistical analysis.

3. The primary end point will be analysed using the ¥
test, and the absolute difference and 95% CI will be
calculated.

4. Analysis of secondary end point: the two-category
variables will be analysed using the x* test or logistic
regression to report the OR value after adjusting for
confounding factors. For the continuous variables, Stu-
dent’s t-test will be used if the normal distribution is
satisfied; otherwise, the Mann-Whitney U test will be
used, or the mixed model with repeated measurement
will be used to analyse the change of the individual
from the baseline. The time data will be analysed by
the Kaplan-Meier method, and the log-rank test and a
Cox regression model will also be used.

5. Missing data: if EAD is missing, it will be replaced by
the worst-value method, and EAD will be considered.
Secondary values will be replaced in two ways: (1) mul-
tiple imputation and missing values will be estimated
by independent simulation variables according to the
characteristics of the predicted values and the avail-
ability of the data. Linear regression will be used for
continuous variables, logistic regression for binary
categorical variables, ordered logistic regression for
ordered multiclass variables and disordered multiclass
logistic regression for disordered multiclass variables.
Twenty data sets will be created by the multiple imputa-
tion method, and the final result will be obtained by av-
eraging the results of the 20 data sets using the Rubin
rule, ensuring that the SE of all regression coefficients
takes into account the uncertainty of the simulation
and the uncertainty of the estimate; (2) sensitivity anal-
ysis involves directly eliminating missing values, deem-
ing treatment ineffectiveness as well as optimal and
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POM 1 POM 2 POM 3 POM 4 POM 5 POM 6 POM 12

WBC (10%L)

NEUT%

PCT (ng/mL)*

INR

D-Dimer (mg/L)*

AST (U/L)

LDH (U/L)

ALB (g/L)

ALP (UL)

Ammonia (mg/L)*

MRCPt

Performance status (ECOG)

Complications o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y

Medication records o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y
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Graft survival status o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y o,No,Y

Complications, adverse events and medication records are recorded in detail in the case report form.

*If necessary.

TAIl patients undergo MRCP at 6 and 12 months after transplantation.

ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate transaminase; Crea, creatinine; CRP, C-reactive
protein; ECOG, Eastern Cooperative Oncology Group; EQ-5D, EuroQol-5 Dimension; Fbg, fibrinogen; GGT, glutamyl transpeptidase; Hb,
haemoglobin; INR, international normalized ratio; LDH, lactate dehydrogenase; MRCP, magnetic resonance cholangio pancreatography;
NEUT%, neutrophilic granulocyte percentage; PA, prealbumin; PCT, procalcitonin; PLT, platelets; PT, prothrombin time; Tbil, total bilirubin; US,
ultrasound; WBC, white blood cells.

worst-case analysis. Sensitivity analysis will be used to  AEs occurring throughout the study. All AEs will be docu-

compare the consistency of the primary results. mented on the CRF. All SAEs should be reported to the
superintendent and the ethics committee in a specialised
Monitoring and safety SAE from. The causes and effects of SAE will be carefully

AEs that occur during the study should be addressed in ~ assessed, and the study will be suspended or terminated
accordance with well-established management criteria that ~ if necessary. All SAEs will be followed up to resolution.
will support the life and health of the study subjects. Itis the Recording and reporting of AEs will continue until the last
responsibility of the investigators to collect and record all ~ enrolled patient has accomplished 12 months of follow-up.

—
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Donor inclusion criteria:

1. Donation after brain death (DBD)

2. Over the age of 18 years, or over the age of 14 years
with body weight >50 kg

3. The donor liver is allocated to a recipient at our own
hospital

Donor exclusion criteria:

1. Livers intended for split or reduced-size transplantation
2. High risk of transmitted infections (HIV infection and
active tuberculosis)

3. Risk of donor malignancy transmission over 10%
according to the DTAC categorisations

Recipient inclusion criteria:

1. Age 18-75 years

2. End-stage liver disease and active on the waiting list for liver transplantation.
3. Agreed to receive liver grafts from deceased donors

4. Able to give informed consent

5. Able to comply with the study protocol

Recipient exclusion criteria:

1. Waiting for multivisceral or combined organ transplantation

2. ABO-incompatible liver transplantation

3. Primary liver cancer beyond the UCSF criteria

4. Fulminant liver failure

5. Current pregnancy

6. A history of organ transplantation

7. Contraindications defined by the AASLD liver transplant practice guidelines,

except MELD score < 15

v v

Allocated by COTRS

v

Randomisation as 1:1

/ \

Conventional liver Ischaemia-free liver
transplantation, IFLT(n=34)

Transplantation, CLT(n=34)
T

F

v

POD 7

Primary end point: The incidence of EAD

Secondary end points: Post-transplant peak AST level, Post-transplant peak ALT
level, Tbil on POD 7, INR on POD 7, Post-reperfusion lactate level at 1h by arterial]
blood gas analysis, PNF, Post-reperfusion syndrome

v

POM 1

g 3

Secondary end points: PNF within 10 days after transplantation, Recipient infection,
Post-transplant peak ALT and AST level, Tbil and INR, Length of post-transplant ICU
care, Length of post-transplant hospital stay, Graft rejection, Post-transplant vascular|
complications, Post-transplant estimated glomerular filtration rate, Need for renal
replacement therapy rate following transplantation, Adverse events and severe adverse
events

v

Secondary end points: Recipients infection, Post-transplant peak ALT And AST
level, Tbil and INR, Length of post-transplant ICU care, Length of post-transplant
hospital stay, Graft rejection, Post-transplant vascular complications, Post-transplant|
estimated glomerular filtration rate, Need for renal replacement therapy rate following
transplantation, Adverse events and severe adverse events

v

POM 12

Secondary end points: All secondary end points, Safety end points, Self-reported end|

points and Exploratory end points

i

Figure 1 Brief flow chart of this study. AASLD, American Association for the Study of Liver Diseases; ALT, alanine
aminotransferase; AST, aspartate transaminase; COTRS, China Organ Transplant Response System; DTAC, Disease
Transmission Advisory Committee; EAD, early allograft dysfunction; ICU, intensive care unit; INR, international normalised ratio;
MELD, model for end-stage liver disease; PNF, primary non-function; POD, postoperative day; POM, postoperative month; Thbil,

total bilirubin; UCSF, University of California at San Francisco.

AEs and complications

AEs are defined as any unintended medical events that
occur in patients participating in the trial. An AE does
not necessarily have to have a causal relationship with the
trial. Complications are AEs that deviate from the ideal

postoperative course, are not inherent in the procedure
and do not comprise a failure to cure.
The following scenarios are considered SAEs:
1. Death of the recipient.
2. Life-threatening complications.
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3. Persistent or severe disability.

4. Significantly prolonged hospital stay.

5. Other severe events as judged by the investigators.
AEs should be judged and graded according to NCI-

CTCAE 5.0 and documented in the CRF. Complications

should be categorised by Clavien-Dindo classification and

scored against the CCI at each follow-up period.**

Withdrawal of trial

Withdrawal initiated by investigators

The investigators will initiate withdrawal in any of the

following circumstances:

1. Severe violation of the study protocol occurs due to do-
nor liver, perfusion or recipient reasons in the process
of procurement, preservation, implantation or even
discarding of the donor liver.

2. The subject suffers from certain diseases that are not

suitable for participating in the study.

. Safety or tolerance is disturbed by poor compliance.

4. Continued treatment will hurt the health of the
subjects.

Qo

Withdrawal initiated by subjects

Subjects can decide to cease participation in this trial at
any time for any reason. The reasons for their withdrawal
should be acknowledged and documented.

Withdrawal procedure

1. If the subject withdraws without liver transplant, the
subject can be re-added to the waiting list.

2. If the subject withdraws after liver transplant, the sub-
ject still can be receive standardised treatment, nurs-
ing and follow-up.

3. When a subject has an emergency that requires im-
mediate termination of an ongoing liver transplant or
subsequent therapy, the subject should be observed
and evaluated accordingly while ensuring safety.

The reasons and time points of any withdrawal should
be clearly collected and documented, and the observa-
tion and evaluation should be carried out accordingly.
When an AE occurs, it must be tracked until it disappears.
The CRF of any subject who received treatment but failed
to complete the study should be retained, and the last test
results will be transferred as the final results. Treatment
response, tolerance and AEs will be analysed based on full
data analysis.

Specimen collection

Written informed consent is required before all clinical
specimens are collected. Complete and standard speci-
mens enable the comparison between the experimental
group and the control group under the same conditions,
making the experimental data accurate and reliable. The
sponsor will organise a clinical specimen collection team
and establish a specimen bank. Body fluids, solid tissues
and their derivatives (such as DNA, RNA, protein, etc)
will be collected and preserved for related research and
experiments. It is the responsibility of the investigators
to participate in and supervise the process of specimen

collection. All remaining samples must be destroyed
within 15 years of the end of the clinical trial.

Before the operation, donor blood will be collected
for extracting supernatant and peripheral mononuclear
blood cells. After organ retrieval, part of the spleen and
iliac vessels will be preserved. In total, three excision
biopsies will be harvested from the donor liver: before
retrieval, at the end of preservation and after graft re-vas-
cularisation. Two biopsies will be harvested from the
donor common bile duct: immediately after procurement
and before common bile duct anastomosis following graft
re-vascularisation. Perfusate samples will be collected
repeatedly during machine perfusion. Bile (if produced)
will be collected from a common bile duct tube. Recip-
ient blood samples will be taken preoperatively; on PODs
1, 3,5, 7, and 14 and in every POM during the follow-up
period. Liver biopsy samples will be taken at POM 6 or
when rejection is suspected.

DISCUSSION

Liver transplantation is an effective therapy for patients
with end-stage liver disease. However, there are still many
burdens that hamper the progress of liver transplanta-
tion. Donor liver IRI is an inevitable event in the current
transplant procedure that often compromises transplant
outcomes and increases the organ discard rate.'’"
Tremendous achievements have been made in the field
of alleviating donor liver IRL'"*' % Among these tech-
niques, NMP has been successfully used in clinical prac-
tice in several transplant centres. Nasralla et al reported
that liver transplantation with the help of NMP is associ-
ated with a decrease of 50% in graft injury and 50% in the
organ discard rate and an increase of 54% in preservation
time."” However, IRI still cannot be fully avoided due to
the existence of hypothermia, ischaemia and hypoxia in
the surgical procedure. With surgical innovation, IFLT
has enabled complete elimination of hypothermia, isch-
aemia and hypoxia during the whole transplant proce-
dure.” Our pilot study demonstrated its feasibility, safety
and efficacy, with diminished peak injury markers and
lower incidence of EAD compared with CLT.* Although
the results of the pilot study were promising, the non-
randomised design was a drawback. The purpose of this
study is to further explore the efficacy and safety of IFLT
in a randomised controlled trial.

A potential shortcoming of this study is the single
source of DBD donors and the exclusion of donation
after cardiac death (DCD) because it is difficult to
perform IFLT using DCD organs. However, it is possible
to combine in situ regional normothermic perfusion
(NRP) and IFLT in such donors. Donors with high risks
of communicable infectious diseases or malignancy are
excluded for the safety of participants. For recipients,
patients with fulminant liver failure and primary hepa-
tocellular carcinoma beyond the UCSF criteria are not
included in this trial due to their high risk of complica-
tions and mortality. In addition, patients with a history of
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organ transplantation, multiple-organ transplantation or
combined organ transplantation and ABO-incompatible
liver transplantation are excluded because different
surgical or post-transplant management protocols are
used in these patients.

Due to the increased organ shortage, an increasing
number of livers from extended-criteria donors (ECDs),
such as elderly donors and donors with hepatosteatosis,
are used worldwide. When compared with organs of
standard-criteria donors (SCD), ECD organs are more
vulnerable to IRI and are associated with high risks of
morbidity and mortality.” Since IFLT might be able to
prevent IRI, ECD livers might be an appropriate indica-
tion for IFLT. Indeed, the first case of IFLT successfully
resuscitated a donor liver with 85%-90% macrovesicular
steatosis.”® However, the donors are not limited to ECD
donors in the current study, because the benefits of IFLT
in either SCD or ECD livers have not been confirmed
in a randomised study. In addition, IFLT is an extreme
example of NMP. The advantage of NMP over static cold
storage is still under debate, although a randomised study
was recently reported.'” Therefore, we did not design this
study to compare IFLT with CLT using NMP as a preser-
vation method in the current study. Another randomised
controlled study is being planned in our centre to
compare the safety and efficacy of these two methods in
ECD livers.

The primary end point of this trial is the incidence of
EAD after liver transplantation. EAD represents a severe
form of clinical IRI, serving as an important surrogate
end point in liver transplantation.”” The definition of
EAD is largely based on serum AST/ALT in the recipient.
The use of EAD (based on this definition) in the setting
of NMP was recently criticised.”’ We agree that EAD is
not a perfect end point. However, the first randomised
controlled study used it as an important end point,'’ and
it is the most frequently used primary end point in the
current registered trials concerning the use of machine
perfusion techniques. The Food and Drug Adminis-
tration insists on EAD in the current NMP trials.”* The
Zurich group is using the complication score (Clavien-
Dindo) in their current HOPE trial, and the Groningen
group is using ischaemic cholangiopathy in DCD liver
transplantation. Therefore, we included these two end
points as secondary and safety end points in the current
study.

Undoubtedly, there are limitations concerning the
IFLT procedure. First, the procedure is complicated and
labour-intensive. Both experienced surgeons and perfu-
sionists are required for a successful IFLT operation.
Therefore, it is difficult to conduct a multicentre study
at this moment. Further modification of the procedure is
required. In addition, the NMP device used in our centre
is non-transportable. For this reason, the donors and
recipients have to be from the same medical institution.
In the future, simplified IFLT techniques with a portable
NMP device are required to yield a novel multicentre
procedure.

In conclusion, this study is a single-centre trial designed
to assess the incidence of IRI-related complications
between IFLT and CLT recipients, as well as allograft/
recipient survival, to further validate the efficacy and
safety of IFLT. The results from this trial can provide
important evidence for the potential benefits of IFLT.

Patient and public involvement
The patients and public were not involved in the design
and conduct of the study.

Ethics and dissemination

This trial will be conducted in accordance with the
principles of the 1964 Declaration of Helsinki and its
later amendments. All organs used in this study will be
procured from brain-dead volunteer donors. The diag-
nosis of brain death has to be made by two independent,
qualified neurologists. Donors were not prisoners, and no
biological material was sourced from prisoners. Written
informed content has to be obtained from all the direc-
tive family members for each donor, and all the organs
have to be allocated through the COTRS. We have already
provided evidence to the journal to verify that the above
criteria will be met.

The protocol was viewed and approved by the Ethics
Committee of the First Affiliated Hospital, Sun Yat-sen
University. The ethical approval number is (2019)037.
All documents communicating with the ethics committee
will be kept in the researcher’s folder. If it is necessary
to modify this protocol during clinical research, it will
be reviewed by the hospital ethics committee and imple-
mented after approval. Written informed consent will be
obtained from each subject prior to organ allocation and
randomisation. The objectives and methods, benefits,
possible risks and solutions, specimen collection plan and
corresponding compensation when damage occurs will
be clarified clearly for all subjects. All subjects have the
right to cease participation in this trial at any time for any
reason. Informed consent for this study and any changes
in the course of this study must be reviewed and approved
by the ethics committee before applying.

With regard to dissemination, the results of this study
will be published in an academic journal and presented
at national and international conferences.
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