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Design, Analysis, and Pitfalls of Clinical Trials Using
Ex Situ Liver Machine Perfusion: The International

Liver Transplantation Society Consensus Guidelines

Paulo N. Martins, MD, PhD,' Michael D. Rizzari, MD,? Davide Ghinolfi, MD, PhD,®
Ina Jochmans, MD, PhD,*° Magdy Attia, MD,® Rajiv Jalan, MD, PhD,” and Peter J. Friend, MD®

Background. Recent trials in liver machine perfusion (MP) have revealed unique challenges beyond those seen in most
clinical studies. Correct trial design and interpretation of data are essential to avoid drawing conclusions that may com-
promise patient safety and increase costs. Methods. The International Liver Transplantation Society, through the Special
Interest Group “DCD, Preservation and Machine Perfusion,” established a working group to write consensus statements
and guidelines on how future clinical trials in liver perfusion should be designed, with particular focus on relevant clinical
endpoints and how different techniques of liver perfusion should be compared. Protocols, abstracts, and full published
papers of clinical trials using liver MP were reviewed. The use of a simplified Grading of Recommendations Assessment,
Development, and Evaluation working group (GRADE) system was attempted to assess the level of evidence. The work-
ing group presented its conclusions at the International Liver Transplantation Society consensus conference “DCD, Liver
Preservation, and Machine Perfusion” held in Venice, Italy, on January 31, 2020. Results. Twelve recommendations were
proposed with the main conclusions that clinical trials investigating the effect of MP in liver transplantation should (1) make
the protocol publicly available before the start of the trial, (2) be adequately powered, and (3) carefully consider timing of
randomization in function of the primary outcome. Conclusions. There are issues with using accepted primary outcomes
of liver transplantation trials in the context of MP trials, and no ideal endpoint could be defined by the working group. The
setup of an international registry was considered vital by the working group.
/

(Transplantation 2021;105: 796-815).

INTRODUCTION

Machine perfusion (MP) preservation has been 1 of the
most promising concepts in liver transplantation in the last
20 years.""” Following extensive preclinical work,? liver
MP entered the clinical arena a decade ago. To date, very

may avoid incorrect conclusions that compromise patient
safety, increase costs, and delay advancement of the science
in the field.*!!

The International Liver Transplantation Society
(ILTS) through the Special Interest Group (SIG) “DCD,

few clinical trials have been published and the superiority
of liver MP as a preservation method versus static cold
storage is not yet established. Clinical trials investigating
liver MP pose challenges beyond those of most clinical
studies. Optimal trial design and interpretation of data

Preservation and Machine Perfusion” established a work-
ing group to discuss the relevant literature and establish
consensus statements and suggestions regarding how
future clinical trials in liver perfusion should be designed,
with particular focus on relevant clinical endpoints and
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how different techniques of liver perfusion should be com-
pared. The Working Group presented the discussion at the
ILTS consensus conference “DCD, Liver Preservation, and
Machine Perfusion” consensus conference held in Venice,
Italy, on January 31, 2020. This article describes the pro-
cess followed by the Working Group and summarizes the
discussion, recommendations, and guidelines it established.

METHODOLOGY

Early in 2019, the recently created ILTS SIG “DCD,
Preservation and Machine Perfusion” received the task
from the ILTS to establish a working group to discuss the
relevant literature on “Clinical trials design in MP” and to
write consensus statements and guidelines and assess the
level of evidence. The ILTS and SIG “DCD, Preservation,
and Machine Perfusion” leaderships selected a group of
7 ILTS members (all authors of this article). They were
approached by the steering committee of the SIG and cho-
sen based on their previous experience with MP experience
and geographic distribution. All, except 1 (Rajiv Jalan-
hepatologist), are transplant surgeons.

The working group was asked to consider the following

questions regarding the design of clinical trials assessing
liver MP:

1. Which preservation techniques should be compared in the
next randomized trials?
. What are clinically relevant trial endpoints?

2
3. Which grafts should be included?
4. Update on clinical trials

The expectation was to rate the level of evidence
based on the Grading of Recommendations Assessment,
Development and Evaluation working group (GRADE)
system (Table 1), classifying it as strong, conditional, or
not recommended (class 1-3), according to the level of evi-
dence (level A to C), balance between patient benefit and
harm, significance to patients, and cost-effectiveness http://
www.gradeworkinggroup.org)®* (Table 1).

The working group members identified published clini-
cal trials investigating liver MP by using a PubMed search
using keywords: liver MP, clinical trial, machine preserva-
tion, and searching open source platforms for trial registries
(clinicaltrials.gov, EudraCT, ChiCTR). We also included
metanalysis and cross-references from those articles.’>’
These were shared via a cloud platform and discussed via
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email and 2 conference calls in the months preceding the
final meeting in Venice, Italy. The results were presented to
the delegates of the ILTS “DCD, Liver Preservation, and
Machine Perfusion” consensus conference held in Venice,
Italy, on January 31, 2020. The presentation is available
for ILTS members online (at https://ilts.org/education/
lectures/machine-perfusion-and-clinical-trials-session-
special-considerations-and-pitfalls-in-clinical-trials-using-
machine-perfusion/)

The ILTS invited 36 faculty that are experts in the field
of DCD liver transplantation and MP transplantation (for
a complete list and biography of invited faculty, please
refer to https://s3.amazonaws.com/wp-ilts-media/wp-con-
tent/uploads/2020/01/29161208/02-Final-ILTS-Venice-
2020-Meet-The-Faculty.pdf). The meeting was attended
by 151 delegates from 25 countries.

After receiving feedback from the audience, a meeting
was held with input from our working group (authors)
and 15 delegates of different institutions, who voluntarily
participated in this discussion group (list under acknowl-
edgments). Data were discussed again in detail, and we
established our consensus statements, level of evidence,
and future recommendation guidelines.

After the consensus meeting, we discussed the article
drafting through emails, edited using a cloud platform,
and the final version was approved by all authors, the SIG,
and ILTS leadership.

CHALLENGES IN LIVER MACHINE PERFUSION
CLINICAL TRIAL DESIGN

Power and Primary Endpoints

It is very important when designing clinical trials to
choose the appropriate primary endpoints.*1*33%3¢38 The
choice of endpoint can have a significant bearing on the
study conclusions.*’** The primary endpoint needs to be
clinically meaningful, and 1 should realize that a rand-
omized controlled trial (RCT) can only be powered on 1
primary endpoint. Secondary endpoints are often defined
as well, although the sample size is often too small for the
analyses of the secondary endpoints to reach sufficient
power. To reduce the potential for selective posttrial report-
ing and multiple testing, pretrial objective definition and
reporting (eg, ClinicalTrials.gov) of the primary endpoint
for which RCT is designed are strongly recommended.***
The sample size calculation for an RCT is based on the

TABLE 1.

Simplified grading system of clinical evidence according to the GRADE system (http://www.gradeworkinggroup.org)

Level of evidence’

Confidence in the evidence

High Data derived from meta-analyses or systematic
reviews or from (multiple) RCTs with high quality
Moderate Data derived from a single RCT or multiple
nonrandomized studies
Low Small studies, retrospective observational studies, registries

Further research is unlikely to change our confidence in the estimate of
benefit and risk

Further research (if performed) is likely to have an impact on our confidence
in the estimate of benefit and risk and may change the estimate

Any estimate of effect is uncertain

Grade of recommendation” (wording associated with the grade of recommendation)

Strong
Weak

“Must,” “should,” or “ILTS recommends”
Can,” “may,” or “ILTS suggests

According to Guyatt GH et al.*?

L evel was downgraded if there was poor quality, strong bias or inconsistency between studies; level was upgraded if there was a large effect size.
bRecommendations were reached by consensus of the panel and included the quality of evidence, presumed patient-important outcomes and costs.

ILTS, International Liver Transplantation Society; RCT, randomized controlled trial.
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primary endpoint and includes a number of assumptions.
The sample size calculation is essential to make sure that
a statistically significant and clinically relevant difference
can be detected with a high probability.

Trials in transplantation are particularly challenged by
the difficulty to power studies for conventional “hard”
endpoints such as graft loss and patient death in the first
year because these events are uncommon, requiring very
large numbers of patients.**®

One way to overcome such a limitation is to focus the
trial on a subgroup of subjects that are at higher risk to
develop the event. Indeed, as the safety of liver MP is
becoming established, it is now possible to design clinical
trials that use extended-criteria grafts (DCD, older donors,
steatotic grafts).*>** As these grafts have higher overall
complication rates, with increased incidences of graft loss,
ischemic type biliary injury (ITBL), primary nonfunction
(PNF), or death in the first year, the sample size needed to
show a clinically meaningful difference would be smaller
than for trials including all donor types. There are impor-
tant caveats to such an approach. There is no universal
definition of extended-criteria donors. In addition, there
are often concerns that trial participants are not a repre-
sentative sample of the whole population because of strin-
gent inclusion and exclusion criteria. External validation
of findings also implies that the findings of a study will be
applicable across the intended populations. The ability to
make reliable statements about a broad population usually
considers that the study groups represent a random sam-
ple from the population and comparisons of study arms
assume that subjects are equally likely to be included in
either arm.** Speich et al showed that in surgical RCTs,
sample size calculation was only adequately reported in
53% of the cases.’!

Trials in transplantation are often limited to the use of
intermediate endpoints based on time and resource con-
straints unless intermediate endpoints have been validated
and have independent clinical advantage (eg, improved
graft function, fewer complications, lower cost); caution
must be exercised in extrapolating results to an important
long-term clinical ﬁndin§ (eg, graft and patient survival,
biliary complications).*"*3-7%8

Surrogate Endpoints (Laboratory Biomarkers)

A surrogate endpoint has been defined as “a biomarker
that is intended to substitute for a clinical endpoint and
generally is considered valid given a more rapid and fre-
quent incidence and strong association with traditional
endpoints.”*” The use of parameters more likely classified
as intermediate endpoints, defined as a characteristic that
is intermediate in the causal pathway between an inter-
vention and the clinical endpoint, have become common
substitutes for true surrogates. The primary limitation of
intermediate endpoints is that they may not be predictive
of the most important clinical endpoints (eg, graft loss).>"*’
To find statistical significance in a laboratory parameter
without clear clinical significance may be meaningless.

Many surrogate markers of liver graft viability and
injury have been utilized, however whether they are ade-
quate predictors of long-term graft outcomes remains a
topic of debate. None of them has been strongly validated
in the clinical setting.**” The ideal biomarker would be
specific, easily processed and inexpensive with a quick
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“turn around” time that could be available before trans-
plantation.*® It would also have to predict long-term
clinically relevant outcomes with a high degree of preci-
sion. Unfortunately, in MP trials, no single parameter (or
combination of parameters) has been clearly established
that meets strong criteria as a surrogate endpoint.*¢*®
Additionally, MP introduces many variables that may
affect intra- and postoperative parameters. For example,
size of the liver, volume of perfusate, and temperature of
perfusion may all impact on machine and even postreper-
fusion transaminases levels.

Composite Endpoints

To decrease the need of large sample size and to increase
trial efficiencies in transplantation, a common strategy is
the utilization of composite endpoints, which typically
consist of selective adverse events, patient deaths, and graft
losses. It has been suggested the use of the “comprehensive
complication index” as primary endpoint, which is cur-
rently often used in surgery and transplantation with the
availability of reference values provided in a recent multi-
center benchmark study covering 1 year after transplanta-
tion.>®* Biochemical composite endpoints have been used
in most MP trials as EAD scores. Clinical composite end-
points have already been used in a lung MP preservation
trial.*’

One limitation of these endpoints is the presumption of
equivalent severity of individual outcomes. Trials utilizing
composite endpoints should report distinct event rates for
each component, but the interpretation of results should
not extend to individual outcomes.

RESULTS

Summary of Clinical Trials

We analyzed the literature on clinical trials using liver
MP (Tables 2 and 3). The majority of study protocols had
been made public in advance in an open access registry of
clinical studies (clinicaltrials.gov, EudraCT, ChiCTR). Most
published studies were single center and had a small sample
size and therefore likely underpowered. Several studies did
not provide detailed description of the study, and nomen-
clature was not uniform. Only 2 papers were randomized
and both used NMP.***! A number of ongoing randomized
studies had not been completed or published at the time
this article was prepared. Follow-up was short (all these
studies had an overall median follow-up <1 y).

In addition to the published NMP clinical trials, there
are currently at least 10 ongoing clinical trials in clinical-
trials.gov and others in national registries. In addition to
the published HMP clinical trials, there are at least 9 ongo-
ing clinical trials (Tables 2 and 3).

Regarding the GRADE system classification of clinical
evidence, our group agreed that the level of evidence for
all questions is generally low.

1. Does machine preservation provide better outcomes com-
pared with standard cold static preservation?

We were not able to reliably and systematically answer
this question based on GRADE system because this would
require much more complexes analysis of all complica-
tions and outcomes. There are only 2 published RCTs in
NMP of the liver, both of which suggest positive evidence,

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



799

Martins et al

© 2021 Wolters Kluwer

23vd 1xou panuiuoy)

"all] Jo Alfenb uswiesl Jo

$1S09 ‘sigpewW Ainfur pue uopouny
Jan| ‘suoneol|dwod sanesadoisod
‘fe1s Jo yabus [eudsoy ‘17 Buunp

U g :eulyoewW uo awi|
‘0 %001 UIW/TWG'0

SpuBLBUIaN

oy ‘uabuiuois ‘aLi0d Uadoy :d

€8¢178G¢0LON

(20-3dOHQ) uoneue|dsue

solweuApowsay jusldioal 4d) YNd “BHww Ja1fe suoneaydwod Aeljiq
‘leAIAINS Jusied/yelb (Alepuodss peleme GAJBHWW GZYH  (82/87) 6102 :81ep Bunuanaid ui syelb e
palieme S]nsay OW 9 J& SYN J0 8auaploul :Atewld slinsey SdIN-MN 18ISSY JBAIT 183IA8( 961 aoda uopajdwo) [0 40 3dOHQ -awreu el
Swia)sAs A19n02a. uebiQ
GSy¥87E0LON
(LOTId) weidsuean Jany Jo}
‘wa)sAs uoisnpad sulyoew
1202 a1ep © ‘Wa)sAs Japodsuely Jan)|
palleme ‘Japodsuen) pauodal uona|dwos 1048417 Jo souewlopad
palleme S}nsay Q3 o 8ousploul :Arewnd sinsay |0S0SBA 18N L0dalI :8a1Ae( orlk 10N pelewnsy  alenjeas 0} Apmg :awWeu [ell|
‘leNIAINS Aeyl ‘owrebliag
Juaired/yelb A-1/p-0¢ ‘Aels (edX 0/-09) pejeusbAxo ‘lubewe) elueaIS :Id
[eydsoy Jo LyBusy ‘Auredoibuejoyo U 1 :8uIydBW Uo sl €70860€0LIN
21WaYds! ‘suoieal|dwod "BH Ww 120z a1ep welbold
UsIne|D-0pul(] :Aepuodss paleme G> A\d/OHWW 0g-GZ VYH uonsjdwod 1uedsuel| JonI oweblsg
palieme s}nsay v Jo 8ouaploul Aewid slinsey SdIN-MN "paiodal 10U 891A8( 0¢ @da/aad pelewnsy Ul 3dOH SJS-150d sWeu [eli]
oW g 1/9 1e [eNAINS Afey ‘eubojog ‘ljoreney oanel :1d
Jusiied ‘ow g /9 e uoiauny Jen| "(BHwWwW 1¢0¢ orep /612€8E0LIN
‘suonel|dwoa [ealbins :A1epuodss paleme 009—-006) pareusbixp uonsjdwod S0S SA WasAS 34OH
palleme S)nsay Q3 1o sousploul :Arewlld s)nsay SdIN-MN ‘papiodal 10U 821N8(] 0Ll aga polewnsy  Mau JO [eL [BAIUIY) BB [BU]
$1500 [eNdsoy ‘[eAnns Jused/eld 80Uel4
f-1jow-¢ A | uigym gdoiN feis ‘U0AT ‘|BUnseT [BBYIIN :Id
[exdsoy Jo pbus] ‘Aferiow/fipicow £25626€010N
P-06 "Sdd ‘Bujoid djjogelsl ‘Y= 18u1yoRW U0 swi] 220g oep (x93dOH) uopeiue|dsuel
‘14v19-7 ‘9J00s 4y :Alepuodss paleme ‘Auopd  (€EL/EEL) uonsjdwod JanI| Ul sJouop Blis)lI0
pajieme Synsay Qv3 Jo souapiou] :Arewtld s)nsay SdIN-MN “1SISSB JOAIT :90IA8(] 99z aga polBWIIST  PApuUsIXe 10} IOH :oWel [el|
ey ‘owebisg
‘lubewe) elueyals :|d
U 7 ‘8ulyoew uo swi| 700€0270LIN
av3 BHwwW 220z (3dOH-01AD) uopejueldsuen
10 89UBpIAUL ‘Y| Jo Anug :Alepuoosg palleme G> N\d/BHWW &> WH (0/02) pauodal uona|dwos JOAI| Ul uoney|l} aumo1fo
palleme S}nsay SHd o 8ouaploul :Arewnd s)nsay SdAIN-MN ‘pauiodal 10U 821A8(Q 02 10N palewnsy UM J4OH :8WeU [euL
(S9S SA dINH) 8wodng sjuiodpuz  (abues) (uiw)  ajesnyad  SONSHB)IRIEYD UOISNLIA] (sos (agasasa) A loyiny
uoneasasald /dINH) adA} souoq
Jo awy |ejoL [ej0} ‘oN

uoisnyiad auiyoew o1wIdYlodAy JBAI| NYS X8 UO S|el} [edIul)

‘c 3A1avl

Downloaded from http://journals.lww.com/transplantjournal by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZghsIHo4
XMiOhCywCX1AWNYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1y0abggQZXdtwnfKZBYtws= on 07/29/2023

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



www.transplantjournal.com

Transplantation m April 2021 m Volume 105 m Number 4

800

23vd 1xou panuiguo))

D 102 $A '} e endsoH
'9%.2 SN %01 MY
JOE/EL SA L€/ ‘SUopealdwoo Areyig

SloyleW
uonouny Asupim/ianl ‘Aeis Jo
yibusy rendsoy ‘I ‘suonealdwod

Ul ¥G+89¢

‘leAnS Juaned A-1 %08 SA %18 AJellig Jo 8ouspIoul :AJBpuU0dsS 7| FHEG :aUIyoBW U0 BWI|
"%/ SN %6 ‘leAIAINS Jusiied 308 uoneuabAxo aAnae oN
:suonealdwod Jenasep /eI A- | ‘Suoneljdwod Jejnasea 96 F 95 ulwJenbw 2990 (08/18) 0£/0 S0S
"%0€ SA %61 :av3 "%, SA %E ANd puB Qy3 INd Jo 8ouaploul :Aewiid ‘dIAH |0SOSeA Sdd JIuoJIPSN 831Aed 19 L€/0 dINH Gl0¢ o1,€ 19 BIBLIENY
‘eAInns eib A-1 %69 sh %06 [AININS (6¥71-101)
'G902 SA 6EZ L :(1/NN) LTy Mead  1elb ‘uonouny pue 4| Jonl| :A1epuodss  (Liy—6YE) Ui gL | -suiyoew uo swn
"%9¥ Sh %0¢ suoiedjdwiod Alejig 17 Jeye G6¢ ‘SIS pareuabixQ
%22 Sh %0 A 1 uiyym suoiyealjdwiod Aleiq (166-082) uw/wog-0ck Ad - (09/Ge)  0/0S SIS
:Auyedoibuejoyo aluays| Jo fyanas pue souspoul :AlRWId 2 1E idINH L-SdM 901A8P Sd0Jd :8dlneQ 72 0/G¢ dAH Gl0¢ 60,/ 18 MSmoxing
‘0¢/G SAOL/0 'SYN
'8G81 s 996 :(1/Ni) 1 ¥ead (Gel-g2l) uwog |
'swajqoud [ea1uyd8) ON SuoNeal|dwoo :8UIYoBW U0 BWI|
‘leAIAINS Sjusied aAeladoisod ‘ABojolgoloiw (926-9/¥) 0 %001 UL/ W 00S
£-1 %G8 SA %001 ‘[BAIAINS alesnyad ‘A1ajes [eajuyos] €05 :S0S ‘BH ww
WelB A-| 9%/9 SA %001 ‘lennans Jusied/jeld A-| :fiepuodes  (¢65-69Y) G AdBHWW 0e-0z ¥H  (02/0L)  0/02 SIS
‘[ennns 1elb ow-9 %08 SA %00 ‘0w 9 Je [eNAINS Jeub :Atewld 126 idINH SdIN-MN 18ISS\UBAIT 18dlAe(Q 0€ 0/01 dAH L10¢ ao1 /B 30 UlY uep
fey
U g :8ulydBW uo sl ‘eubojog ‘ljoreney oanel :1d
ow g (ed™ 001-08) pajeuabixo /901€0€0LON
1€ [eAIAINS Jusiied,)elb :A1epuodsg pajeme uoisnyiad aujyoew (0/01) 8102 :e1ep (01d) uelo euibiep
palEME S}NSaY ow ¢ e uopauny yeld :Arewd s)nsay papodal 10N eubojog ‘Jadixg :801n8( 0l aga uopa|dwo) 10} SOS SA IJOH :BWeU [eu]
[edsOH AlsIanun Sauay
fieys uonezifendsoy 8L Jo 1800 ¥209/€€0LON
‘fexs fenur Jo 1500 ‘fexs Jo Libus) (OHdY3d)
[endsoy ‘ow € 1e [eAns elb /. U g :8uiyoew uo sl @03 wouj syeJb aneday Jo
p uo ANpIgJow ‘SyHd ‘suoisnjsue.y (edX 0F) pareusbixQ uonenasald uj uoisnpiad
aneladoenul Jo Ju :A1epuodas paieme BHWW £> A\d (0/52) 6102 :81ep XiwaylodAy pareushAxo
palleme S)nsay "Qv3/4Nd Jo 8auspioul :Arewid s|nsay SdIN-MN ‘papiodal 10U 821N8(] G2 aga uopajdwo) 10 188191U] :BWEeU [Bl]
(Auew.ey
[eninns yelbausned A-| ‘Y| ‘Aels U | :8ujyaew uo awi| ‘uayaey) alin 61089 |4
NOI pue -[eydsoy ‘uoealisselo (BHWW 002 792 LE0LON
usinel9/opulq :Alepuooss -0G 1) pareusbixo (090-a23-3dOH) syesBolly
Y anfjeledoisod 1siiy paleme BHWWE>Nd  (€2/€2) 6102 ‘e1ep 18N aga pue @93
paleme Synsay 8yl Ul 1y yead aaneladoisod Alewid s)nsay L-19 1SISSY JOAIT :891A8(] oy aga uopa|dwo) UBLWNH Jo} 3dOH :aeu [er|
(S9S sA dINH) 8woang sjuiodpu3  (3buey) (uw)  ejesnpad  SINSHB}IRIEYD UOISNLIA] (sas (agasaoa) A loyiny
uoneasasald /dINH) adA} Jouoqg
J0 awny jejoL 110} "ON

Downloaded from http://journals.lww.com/transplantjournal by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZghsIHo4
XMiOhCywCX1AWNYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1y0abggQZXdtwnfKZBYtws= on 07/29/2023

(penunuo) "2 31avi

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



801

Martins et al

© 2021 Wolters Kluwer

23vd 1xou panuiuoy)

30UapINg

SHIN Ul sisousis Ase
‘InsaJ WeJBoisejsoquuoiy)
doenur 14y ‘Aeis N
/lendsoy ‘siaiew Anful
pUE Uo[UN} JaAI| ‘a3 ‘SHd
‘0w Z1/9 P OF I8 [ennns

uanedaleld YNd :Alepuodss

94 B BLBIIUES
uoloebnSeA|

ap oymsul

6S70€6E0LON
(34YIXONY9HO0)
1eIB Jon|| anoleals
UM Juedsue ay)

€20¢ -81ep Ul abel01s p|od sA

17s0dp/2Geipie pajieme ‘paiodal 10U pajeme uonaldwod  JiNN nus X3 4o Aoeaig
paleme SyNsay |V puB 1Sy J0 Yead :Atewd s)nsay payodal 10N 1801A8(] 05 s)nsay Buiobug :aleu el
aUII) puejeAs|) 8y
‘lupuIng ouensiy :id
siaspew Anful ¥829G7E01ON
pue ‘UuoIauNy JaA]| ‘|BAIAINS SIoN|
1el6 ow 9 ‘qy3 :Aepuodes ueydio ajenjens
4Nd PUE [BAIAINS €202 :01ep pue anJasald 0}
J0 9jel uofejue|dsuelnsod pajieme 90lA8p pajieme uons|dwod dIAIN Jo Aujiqisesy
palleme S)nsay p 0g :Arewid S)nsay papodal J0N dIAl JenI| feuonnnsul :891Aa(] Gl s)nsay fuobug  pue Asfes 8wkl [el|
(S9S sA dINN) 8woding sjulodpuz  (aBueu) (unw) ajesnpiad sonsuejoeleyd uoisnyiad  (SIS/AINN)  @90/a9a A loyiny
uoneasasald |e10} "oN ad£y Jouoq

jo awipy |ejoL

uoisnyiad aulyoew dJWISYIOWLIOU JBAI| NYS XS UO SIIPN)S [ed1ul)

‘€ 31avl

"uonN|os uoisnyiad aujyoRW UISUOISIAN JO ASIAIUN ‘SdIN-MN 8BBI01S Ploo dl1lS ‘SOS ‘UIeA [eUod ‘Ad ‘aWwolpuAs uoisnpiadansod ‘SHd ‘uonounjuou Arewid YNd ‘Saimois Al

2j0LWO)SBUR-UOU ‘SYN ‘Uoisnpiad aujyorw iy

‘uopouny elboj[e Ajes Jo [apow YyJ| ‘uoneluR|dSuBI JaAl| ‘|7 $1039B) 3S Lolelue|dSuel) Buimoj|o) JuaLWSSasse 1elb 1ol ‘| 4y19-1 {uonnjos uoisnyad Asupny ‘ |-Sdy “Ainfur uoisnyiadal-elwayds! ‘4| ‘uonnjos zado 8b10ay) aynysy| ‘119 ‘uoisnyad aujyoew payeusbAxo ajwsylodAy
‘1d0OH ‘A1ape aneday ‘yH ‘iouop BLBIIO papuslxe ‘q03 ‘uonaunysAp yeiboje Aies ‘qy3 ‘uoinjos uoisnpiad aujyoew pajeusbAxo ojusyiodAy [enp ‘IdOHQ ‘Uieap A103enalio Jale Uuoneuop ‘god Uresp Ufelq Jele Uoileuop ‘adqd ‘Uonenp ‘q foauod ‘g ‘Anful Asupn 8inoe ‘yy

8G¢ | SA 095 :(1/NN) 11V Mesd

‘P EGLSAE 0L Aes [endsoH

"02/S SA 02/2 ‘suoieaydwiod Arejjig
‘[eAIAINS

1uaied/yeib A-| %06 SA %06
‘dno.b

Jay)Ie Ul suonel|duwiod Jenasea oN

SJeyJew uopouny
Kaupiy/ien ‘fexs Jo yibus [eudsoy
‘IMV ‘Suonealjdwod Jejnasea
pue Aelig Jo 8ouspioul :Alepuodss 891 F91G
‘[eAIAINS Jusijed '89S

uiw yG+8¢¢
:aUILoRW U0 BLll|
uoijeuaBAX0 8B ON

%S¢ SA %S ‘dv3 /yelb A-| ‘suofyeoljdwiod Jejnasea 921 +89G ulw/en/B6w 299'0  (02/02) 0¢/0 S3S
"dnoJf Jayyie ul 4Nd ON pue Qv3 4Nd Jo souspiou; :Arewiid “dINH |0SOSEA S4d dluops|y 8dlAsd or 0¢/0 dINH 01L0¢ 11,[€ 18 BlaLIens
(S9S sh dINH) 8woang swiodpu3  (abues) (unu)  ajesnplad Solisuisjoeleyd uoisnpiad (s9s (aga/a9a) A Joyny
uonenasald /dINH) adA} Jouoq
Jo awn |ejol 1ej0} ‘oN

(Ponunuo) "2 31av.L

Downloaded from http://journals.lww.com/transplantjournal by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZghsIHo4
XMiOhCywCX1AWNYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1y0abggQZXdtwnfKZBYtws= on 07/29/2023

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



www.transplantjournal.com

Transplantation m April 2021 m Volume 105 m Number 4

802

23vd 1xou panuiguo))

1R LONIBJUI [BIIA
ansiunpoddo ‘owg 1e el
uonasfel ‘fers no/eudsoy
‘0WQ e suonel|dwiod
Jejnase/Auelliq ‘aunjie) Asupiy
'S3LI0IINO [ealBUns doe.ul
‘SHd usWaINSeaW MOJ)
doenul ‘syse] UoRoUNy JaA)|

Ul

puelaAs|) 8y L
‘lupuINg ouensly :id
80/51520.LON

uonejuedsuel

JBAIT UBWNH U

dIAN Jo Aligsesd

yead p-/ ‘[eAnns juaiyed 0202 :01ep pue f1ajes
/ieib ow-9 YNd Arepuodss paleme 30IA8P dIAl JoAIT [euonNIASU| payeme uona|dwo)  S$S8ssy 01 ApniS 10jid
palleme s}nsay (V3 10 8ousploul :Aewid Synsay pavuiodal 10N 190108(] Ge S)nsay Buiobup :8WeU [eUL
elaq|y Jo Ausianun
‘olideys sauer :|d
0¥8680€01ON
av3 ‘|ennns 1202 :o1ep [BlI] UOIeAISSI
Jusned p-og :A1epuodss paleme el18W xouebip paleme uona|dwo) Jan7 alWIayloLIoN
pajleme s})nsay [eAIAINS Jelb p-Qg Aiewild S)nsay papodal JoN 190IN0(] 0S sjnsay BuobuQ :aWeu [el|
1 01U0J0] “YIoMmiaN
Buimojo} SaWwoaIN0 [BIIUID U1eaH Asieaun
19Ipald 0 sis}eweled ‘JueIY piAeq :Id
uoisnpiad jo Afige ‘uonoun) 1G18.¥¢010N
el |y “Apnis 03 sajel uoljejue|dsue.y 1o}
JusWyINIo8) ‘pIeosIp SJAAI| UBWINy 810}S
ueBJo ur bunnsal saanjre} 0] 90IA8P eleW
90IA8p 10 a1rY :Alepuodsg 1202 :01ep Xoueb1o ay1 Yum
oW € 18 [BAIANS ‘[ T-8. paleme el8W xQuebip paleme uons|dwon dIAIN OAIA X8 Buisn
pajleme s)nsay “INd 10 dauspioul :Aeuwid S)nsay paypodal JoN :90IA0(] oy sjnsay BuobuQ :aleu [el|
U puefeAsig 8y L
‘lupuINg ouensiy :id
€1/€20v010N
fe1s jo yibus uonejueldsuely Joj
Nol/ieudsoy ‘siaiew Anful SIBN| Jouop eUaId
pue uonauny Janj ‘sso| papusixa aniasald
poo|q ‘oW g 1B [BAIAINS 01 uoisnyiad
uelJBuaned ‘qy7 :A1epuodss 2202 :91ep olLWIBY)-owou
ow | 1e paleme 30IABP dIAl J8AIT [RUONMINSU| uonejdwod  pue -odAy [enusnbas
payeme synsay  [eAIANS Yeubualed Arewd S)nsay paypodal JoN 190IA0(] Gl an3 BuiobuQ :aWeU [eu|
(S9S sA dINN) 8wodng suiodpuy  (3buey) (unw) ajesnyiad sonsusjoeleyd uoisnpad  (S9S/dNN)  @9a/aaa A loyiny
uoneasasald |e10} ‘oN adA} Jouoqg
J0 3w [ejoL

(penunuo) "€ 31avl

Downloaded from http://journals.lww.com/transplantjournal by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZghsIHo4
XMiOhCywCX1AWNYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1y0abggQZXdtwnfKZBYtws= on 07/29/2023

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



803

Martins et al

© 2021 Wolters Kluwer

23vd 1xou panuiuoy)

(2 1-9%"LO) uW/T 271 iAd
)€2°0-72°0) UIW/1GG"0 *WH

-dIAIN Mol4
BH ww |1 Ad
BH ww 0/ :vH
:dIAIN 8Inssald
HHWWS ‘Ad
(£16-€82) BH ww || :yH
X4 ‘3dOHQ 8inssaid 0/ dAN
[eNIAINS eib oW-€ %00}  OW € 18 [eAINS els) (Alewllld 8w d|A [e10L L02-00gH lsissy JenT:eomeq  (0/4) Z/  -400-3dOHA 610¢ 21,1819 S8lA 87
SOIPAINSUR|
}/8¢¢G¢01ON
020¢ -e¥ep 103104d J8Al
P 0€ 1811y Ul $3¥S pajieme SO0 SIIPSINSuRIL pajieme uopeldwoy  (SD0) salpsNsue.L
palleme S)nsay ‘Qv3 Jo souaploul :Arewd S)nsay pauodal 10N 190IA8(] 00¢ S)nsay Buiobug :aWeU el
syelh
pasnpiad Jo uojsnpada.
0] asuodsal [eaibojoisAyd
‘1Jelb BLBIIO PAPUBIXS JO weybuiwg
1018931 Y1IM Paleloosse [eudsoH Ausiaaiun
Aipigiow p-06 ‘uoiouny ‘BZIIIN Snieq :1d
Yelb Jan| ow g | :A1epuodss 8090%/2010N
|ood ueblo Jouop pajosla. vLLA
Apua.iing wouj sye.b Jan) SIBAIT [eulBie
a|qejuedsuel) Jo uoiodo.d 0202 :a1ep JO uonejUR|dsuel
3y} Aynuapl 01 dIAIN 10 8sn paleme el18W xQuebip pajeme uona|dwon pue Bunss| AujigeIp
palleMe S)Nsay  ‘[eAIANS Jusied p-06 :Arewld S1nsay pauodal 10N 190108(] 22 S)nsay Buiobup :8WeU [eUL
sainseaw ayl| jo Ayjenb
‘S1S00 Jeauy[eay ‘uonezlnn
ueblo ‘parue|dsue 10U
INQ PAZILIOPUEI SIAAI| JO Ausieniun axnq
9ouapIoUl ‘suoneoldwod ‘ayoeuy Lens :d
freyiq ‘siexiew Ainfuy pue ¢916//2010N
uonauny 1aAl ‘S4d ‘[eaInNS 0202 :01ep UoNeAIBSaId JaAT
1usned/eld UNd :Alepuodss palleme el8W xQuebip pajleme uona|dwon) ILWLIBYIOULION
palleme S)nsay V7 1o 8ouspioul :Arewlid s)nsey papiodal 10N 190IA0(] 99z s)nsay Buiobug - LOdM :8WeU [er]
(S9S sA dINN) 8woayng sjulodpuz  (aBueu) (unw) ajesnpiad sonsuajoeleyd uoisnyiad  (SIS/dINN)  @90/a9a A loyiny
uoneasasald |e10} "oN ad£y Jouoq
jo awn [ejol

(Penunuo) "€ 319V.L

Downloaded from http://journals.lww.com/transplantjournal by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZghsIHo4

XMiOhCywCX1AWNYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1y0abggQZXdtwnfKZBYtws= on 07/29/2023

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



www.transplantjournal.com

Transplantation m April 2021 m Volume 105 m Number 4

804

23vd 1xou panuiguo))

uonnjos
Usa1g Jo (uneig

(0£5-22 1) 82 :8uIyoeLU Lo LulL

papodal J0u ;Mo

SIBNI| Y0IBasal g) suIsnjojey BH Ww 01-8 :Ad
AyredoiBuejoya padojenap pue SIaAl| [eulblew + §||99 pal BH Ww 09 :WH
S1an| 00a € INd | ‘elibejdosen pauljosp ul Aigein (19G1-%99) paja|dep ‘8Inssald
paULeISNS ¥ ‘SHd padojersp 9/G Jojuswssessy :Arewlld 82/ dINN alfooyne IsissyJen:eamea (072 2l €/6 dIAN 110¢ ¢gl@ 18 U0SIeM
uonn|os Usag U {7 :8UIy9BW UO BuwI|
10 (uneig g) payodal 10U :MOjH
auIsnjojey BH Ww 01-8 :Ad
‘(17784 pauinbal ¢) 7911 padojanap SoNSlI81oRIBYD + /180 pal BH ww 09 :¥H
‘qv3 padojanap | YNd Buimoyios paip uoisnpiad pue Ansjwayaolq 88¢€1-09% paja|dop 18INsSald
qaidioal | "pajueldsue] alem SIanl| g 10 UOIBAIBSQO :AleWilid :dIAN 91f009Na7 18ISy Jan :8ane  (0/2%) /v 2L/SE dIAN 8102 J6/B 18 Uosiem
I L1e
[eAIAINS uaited/el6 ‘ow 9 zard AV AUSING
"9496 SA %G6 AL 16 [BAIAINS 1yRIY 18 DY\ Uo Ayredoibuejoyo :8uIyoBW U0 BWI|
"%/6 Sh %8'G6 ‘A 18 [enINS Jusied ‘144 “Aeis nOl/fendsoy jo Ui/ L L = Ad
(02LEL-G'¥6/) 796 (pBus| ‘v INd ‘Sdd ‘arel (196-€22) Jg4d Ui/ 18¢°0 ~ WH
SA (8°285-6'80%) 88% :(1/NN) LSV Yeed pJeasip ueblQ :A1epuodss  G9%:S0S payayeLL-iouop ‘Mol
"%0€ $h %0} :0v3 17J84e p / Uuym Sy (£2G1-8G2)  Wun-g + (uneig elow xouebio - (L0k/1gl)  08/12 SIS
%0 S\ %8'0 'ANd  WNI8s Jo [9A8] Mead :AleWld 1/ :dAN g) suisnjojen :90Ine(Q L /8/¥€ dINN 810¢ ocl@ 18 Bj[eJseN
‘papiodal Jou dnolf U68'/-GE'€
0010 [e2LI0ISIY BY) Ul AljeHO} “(uonouny :8UIYoBW U0 BWI|
JBAI| [BULIOU LM snieJedde (z-1'n
g ow anneladoisod uo afieyiiowsay uoisnpiad [euonnnsul U9 Ad
[RIUBIORAUI JO PaIP JUBed BUQ) ‘[e1aJawwoouou B (L'0-2°0
%¢G6 ‘dIAN :[eNAINS Juslied 10 Aujiqisesy pue ulw/16°0 'wH
*AyredolBue|oyd "0IWBYIS] JO SBSBI ON fiayes anold :Alepuodsg (88G-801) 2g4d :MO|4
'666 F L0k SA8LE F £9¢ (VN 1w ¥eed d44 Jo sojweuApowsy 86% ‘SIS siun ¢ + d44 snjesedde
200=d "%¥'9r SN %6} :Qy3  Olledsyeiul uo Joedwi pue (¥65-29) paurejgo-yueq feuonnyisul ‘[elosswiwoouou  (#8/1e) 89/ SIS
dnol6 JaLpid Ul 4Nd ON ‘funqises) Mefes :Arewid  82S ‘dINN poojq suun :80Ine(Q SOt €1/8 diAN 6102 e nn
"01/0 SA O1/1 :uopea)dwod Asellig
%06 SA %001 :[BAIAINS Judlied owg (L'v-Gee ugy
%001} SA %06 :[BAAINS Jeln  Te suonedldwod Aeljiq ‘p :8UIYoBW U0 BWI|
(2911-€0¢€) / Ulym saseuluresuel) (G9¥-99¢)  e1enUsIL0I DaY uw/a2 -1 Ad
82 sA (019-692) ze€ (/N L11v Yeed ead :Alepuodes  ¥6€:50S  8laredwod-0gy ulw/1024°0-502°0 *vH
‘01/L SAOL/2 :av3 owgle (£92-902) + (uneig g) mo4  (0L/0F  01/0S3S
‘dnolf Jaye Ul INd ON  [eAIAINS Jusiedagery :Aiewld — 9%2 (dIAN auIsnjo[es) 18ISSyIBAIT 18dIA8( 0¢ 0L/0 dIAN 610¢ 1gle 18 yjoulyy
(S9S sA dINN) 3woayng sjuiodpuz  (abueu) (unw) ajesnpiad soisuajoeleyo uoisnyiad  (SIS/dINN)  @90/a2a A loyiny
uonensasald 110} "ON adA} Jouoq
Jo 3wy [ejol

(penunuo) "€ 31avl

Downloaded from http://journals.lww.com/transplantjournal by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZghsIHo4

XMiOhCywCX1AWNYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1y0abggQZXdtwnfKZBYtws= on 07/29/2023

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



805

Martins et al

© 2021 Wolters Kluwer

9

818 JRWNYIARY pUB

SHL

*90e10]S P|09 211BIS ‘'SHS ‘JUBAS 8SIBAPE SNOLBS ‘JyS ‘Adelay) Juswiade|dal [eual ‘|HY ‘UleA [epod ‘Ad ‘abel0)s pjod aneisisod ‘Sogd ‘awolpuAs uoisnyiadansod ‘Syd
's||80 poojq pas paxjaed ‘0gyd Aep aniesadolsod ‘qod ‘uonounjuou Arewnd YNd ‘uoisnyad aulyaBw IULIBYIOWIOU AN ‘UoISnuad Jani| OAIA X8 JIULIBUIOWLIOU dTAIN 8lnusp! [BL [B21UIj0 [BUORBU ‘| N ‘8811 Ateliq Jo Ueds Buibew aaueuosal anaubew ddi ‘uoisnyad sulyoew
dIN ‘ainssald [eLisle UBaW ‘dy ‘uonelue|dsuel) Janl ‘|7 “Aunful uoisnpiadai-ILayds! ‘4| ‘0leJ Pazi[ewlou [euoiieuIaiul ‘YN| HuN 8Jed aaIsusiul ‘NY)| ‘Sisoquioiyy Aiele oneday ‘|yH ‘Aiene oneday ‘yH ‘eselajsuel) [Aweinib-ewweb ‘|99 ‘ewsed uszol) ysaly ‘g4 Jouop eusio
papualxa ‘qn3 ‘uopaunysAp yelboje Al1es ‘qy3 ‘ureap A101enau0 Jale J0uop ‘od {Uieap Ufeiq Jaie Jouop ‘qdQ ‘uoielnp ‘g ‘uoisnuad auiyoeL ojWI8ylowIouU-Snonuiuod diIN-9 043u0d ‘9 ‘8seisjsuroulWe ajeLedSe ‘| Sy ‘aSelajSuBjoulLE auluele ‘| Ty ‘asereydsoyd aulese d1v

‘18 18UZ8S ,,'[e 18 [eUABIBI ¢, ‘[B 18 [I 5, ‘[ 10 SBUIA 8Q '8 10 UOSIBM [ 18 UOSIBM | [B 18 LIOUIUD) ‘[B 18 Bl[RISEN |, [B 18 Nf1 AQ S8IpMS 8pn|oul 8|e} SIU Ul S80U8J8JY g '[E 18 Nd SUILB WOl Pallpojy

(G'8l1-ge)uee
:BUIY9BW UO Bl

ulw/18'0~N\d
"%G"/6 SA %00 | :[BAMNS Jusped ow-9 Ulw/1¢ 0~vH
"9%G"/6 SA %00 | [BAIMINS 1RIB P-08 oW g 1B [BAIAINS (uneig :MO|4
/(98/8-812) yelbAusired ‘17 Jaye p £ g) suisnjofen ‘peiodal jou Ad
206 SA (189%-78) 21y (/NI LSy Mead  Uyum sigxew Ainful pue joyun | + BHWWS,/-09 YH
"%S'¢C Sh %G1 :dv3 uopouny Jan| :A1epuodss J84d payojel :ainssald  (0/02) ¢e/8 SIS
*sBn0Jb Jaylie Ul 4Nd ON [eAIAINS Jelb p-0¢ Aewid  pauodal JoN -$S0J0 JO SJuUN € ellaW xQueblQ :801Ae( 09 91/ dAN 9102 o1, [€ 10 Jewmyiney
(L'6-2'9) U8
:8UIyRW U0 Bl |
(€' 1-2' 1) uw/16e L Ad
(7'0-2'0) UW/1€°0 W
:MOl4
sdnoub Liog (€82-629) ‘papiodal JoN
Ul %001 [eAIANS Juaied/eld ow-¢ ¥£9:808 :9Inssald
(8208-€€2) dIAN 1o Ajigises) (1e2-122) uopnjos Uaslg ensw xouebio  (0e/0L)  ¥2/8S9S
66 SA (8G82-G9) 619 :(1/NN) 11 Yead pue fjejes ssesse :AleWId  98G :dIAN +0gHd sHun-g :0109( oy 8/2 dINN 9102 o, 8 10 Jouzes
dIN 10 U € Jae LSO AYIjIGEIA JoW U € :8ulydeW uo awi|
10U pip eub suQ ow/ Jo dn-mojjoy dIAN Aq uoireyosnsel G 1-270) WL L Ad
UeIpaW 1€ S1$8) JaAl| pazifew.IoN puUe JUsWSSasse BUImOo||o} (29°0-9€°0) UIW/TES 0 ‘WH
‘syelB |[e up A18A008. uopouny pajue|dsuel) syeibo|e :MO|4
alelpawiwl pue Jusijed pajuejdsues paoalfal Jo Alljigises) (LS6-72.) ‘papiodal j0u :8InNsSald
G ||e Ul 81npado0.d Juejdsuel) [nuaAsun alelisuowa(] Arewiid 86/ ‘dNN paseq-poojg XQUBBIQ 1SISSY JoAIT :891A8(Q (0/9 9 2/v dAN 9102 p1 B39 [ANEIIEN]
‘G50 =d (Le/h) %8 L ‘ow 9 Je suojyes||dwiod (Gge-eeugLL
SA (8/0) %0 Suonealdwod Areljiq ow-9 AJelig ‘oW 9 1B [eAIAINS :8UIyRW UO Bl |
%001 SA %68 [eANAINS Jusiied ow-9 1usned,telh ‘8100s opulq ‘pauiodal 10N
%001 SA %08 :[eAANs el ow-9 -UaIAe|) ‘siaxew Anful :MO|4
'(0092-€51) 68 puE UoRouN} 8| ‘ay3 ‘p (068-19) ‘papiodal JoN
A (0092-€8€) 262l (/NI 1Sy Mead  / ulyum 1Sy yead ‘0g p e G€¢'SOS 084dd .0, 8dfy ‘aInssald
"%9'6¢ SA %G'SS (V3 [eAJLINS JuBled :AJBpuodss  (Le9t-y0E)  un-g + (uneig ensw xouebio  (0e/01) ¢¢/8 SOS
‘dnoub Jayue Ul AN ON feniains Jeub p-og :Alewid - 98/ :dIAIN g) auisnjojen) -90Ine(Q 6€ 9/7 dINN L10¢ ¢ e 18 [eig
(S9S sA dINN) 3wodng sjulodpuy  (abuel) (unw) ajesnpad solsuajoeleyd uoisnpiad  (S9S/dNN)  90/aaa A Joyny
uoneasasald |e10} "oN ad£y Jouoq
jo awn [ejol

(Penunuo) "€ 319V.L

Downloaded from http://journals.lww.com/transplantjournal by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZghsIHo4
XMiOhCywCX1AWNYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1y0abggQZXdtwnfKZBYtws= on 07/29/2023

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



SMAGZNUMIPXZOBBAeOATIAEIDYIASALLIAIPO0AEIEAHIOIN/AO AUMYTXIMADYOINX

OHISABZIYTCN+ePNIOITWNOTIZTARMHAOSHAIAYE AQ reuinofiuejdsue/wod’ mm| sfeulnol//:dny woly papeojumod

€202/62/L0 uo

806  Transplantation m April 2021 m Volume 105 m Number 4

although further corroboration from other trials would be
desirable. None of the HMP trials in liver transplantation
have reported yet. It is too early, therefore, to provide a
definitive answer to this question.

2. What are clinically relevant trial endpoints?

The group agreed that, wherever possible, the use of
direct clinically relevant endpoints as the primary endpoint
is desirable (eg, 1-y graft survival, 1-y patient survival,
ITBL/biliary complication rates, length of stay, ICU stay,
acute kidney injury/ hemodialysis need, total complication
rate, mortality on the waitlist, organ utilization, overall
cost). We support the creation of an international registry
of all cases of MP (including in situ normothermic regional
perfusion as well as ex situ MP) in liver transplantation.
The rigorous analysis of a large and comprehensive reg-
istry database enables questions to be addressed that are
impractical as the objectives of randomized clinical trials.
On the other hand, where practical, the establishment of
multicenter consortia trials is strongly supported, with the
intention to provide enough statistical power for relevant
endpoints. We also support meta-analyses of existing trials
to obtain datasets of great enough magnitude to investi-
gate questions that cannot be reliably addressed individu-
ally. It is very important that clinical trials have standard
nomenclature and reporting system (eg, using endpoints
and metrics that are consistent) so that they can be meta-
analyzed. Trials that establish new and reliable biomark-
ers of organ viability should be strongly encouraged and
supported.

3. Which preservation techniques should be compared in the
next randomized trials?

In the current era, with SCS the standard of care in
liver preservation, the group believe that novel perfusion
techniques should be compared with this before compari-
son between different perfusion methods. The majority
of published trials to date have been safety (phase 1) or
nonrandomized (phase 2) trials. These studies have effec-
tively established the claims that can be made for the use
of these novel technologies; this is an essential prerequisite
in advance of RCTs designed to test efficacy. The results
of a number of properly powered randomized trials are
awaited: the results of these should provide the stimulus
to design trials to establish the relative merits of differ-
ent perfusion methodologies. Logically, there will be trials
which compare NMP with HMP and NRP. However, there
will be numerous permutations to be considered, including
the variations of timing of perfusion (eg, continuous perfu-
sion, post-SCS perfusion) and combinations of HMP and
NMP. The primary and secondary endpoints will be key to
the value of these trials. Health economic and logistic end-
points may prove as important as graft injury endpoints.

4. Which grafts should be included in clinical trials?

Preliminary studies, such as the majority of the single-
arm studies carried out to date, have been designed for
proof of feasibility and safety, and therefore, have most
commonly enrolled livers that would be acceptable in cur-
rent practice. Now, that the feasibility of perfusion is more
widely accepted, trials are addressing issues of efficacy. In
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these trials, the enrollment criteria may be selective (eg,
DCD only) or general (eg, all organs). Although all grafts
may benefit from MP preservation, our recommendation
is to focus on extended-criteria grafts (DCD, older, stea-
totic grafts) in the next trials because these are the organs
that logically should have the greatest benefit. Indeed, it
is likely that financial and logistical constraints will likely
limit the use of perfusion to high-risk organs.* Studies
that show cost-effectiveness of MP in high-risk organs
are important because this is the context in which higher
up-front costs may be associated with downstream cost
savings and broader acceptance of the technology, as the
potential to save money and increase organ utilization is
appreciated.’” The problem is that there is no standard
definition of extended-criteria donors, and such definition
would be important to compare clinical trials.

DISCUSSION

Limitations and Pitfalls of MP Trials

In general, transplant clinical trials are considered to be
of limited quality when compared with pharmacological
intervention trials.*"***%?° However, many of the flaws
of these studies can be prevented by well-designed trials.
There are several reasons for the compromised quality of
many of the trials that have been conducted in liver MP.

Different Nomenclature of Perfusion Settings/Lack
of Standardization

With the number of publications on liver MP to date
exceeding 450, the last 15 years have seen a significant
increase in the volume of both experimental and clini-
cal liver MP preservation research.”’ Several groups have
described different methods of MP with respect to tem-
perature, the addition of oxygenation, and whether the
perfusion is flow or pressure controlled. It is very impor-
tant to clearly describe perfusion settings (flow, pressure,
resistance), to correct for graft weight (eg, mL/min/100g),
temperature of perfusion, dual (PV+HA) versus single
perfusion, oxygen saturation, and partial pressure, com-
position of the perfusate, supplementation of therapeutic
agents, Varying definitions for reporting DCD data (eg,
functional warm ischemia) is also a source of inconsisten-
cies among studies.

Because liver MP preservation is a relatively new technol-
ogy with a wide variety of technical aspects continuing to be
explored by several groups worldwide, the publications on
MP have shown significant inconsistencies. These include the
nomenclature used to describe the different MP techniques
(abbreviations included), the temperatures considered to
be hypo-, subnormo-, or normothermic, and the details of
the methodology are reported. The lack of standardized
nomenclature and guidelines for reporting technical details
makes it difficult to reproduce experiments, compare differ-
ent studies, and perform meta-analyses. With the number
of clinical studies on MP of donor livers rapidly increasing,
a team of international experts proposed a nomenclature
consensus and standardized set of guidelines for reporting
the methodology of future studies on liver MP.> It is the
suggestion of our group that this nomenclature is adopted.

Whenever possible, investigators should agree on the
development of a “master design” of clinical trial for a
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more comprehensive analysis and to allow comparisons
among studies (eg, a standard set of specimens like per-
fusate, blood, bile, and tissue to be collected at predeter-
mined timepoints). This would significantly increase the
power of subsequent laboratory analysis in helping find
biomarkers of viability.

Our group also recommended that study protocols
should be made public in advance in an open access regis-
try of clinical studies (clinicaltrials.gov, EudraCT, ChiCTR)
or peer-reviewed publications.

Sample Size and Costs

Transplant clinical trials in general require a large num-
ber of individuals to be enrolled.”>*® For example, a pro-
posed reduction in event incidence from 30% to 20%, with
2-sided type-1 error probability of 0.05 and 80% power,
the estimated sample size necessary in each study arm is
294 without accounting for patients lost to follow-up.?!

Small sample sizes are a common limitation in liver MP
clinical trials. Although single center, single-arm studies are
helpful to provide preliminary data, it is important to pro-
gress to multicenter and adequately powered randomized
trials as soon as the focus moves to efficacy. Very few, if
any, transplant units in the world have the case volume
needed to carry out randomized trials in organ preserva-
tion as a single center, and the need to collaborate in mul-
ticenter trials is therefore paramount.

As noted above, some of the drawbacks of underpow-
ered single center retrospective trials might be overcome
by the creation of international or national data registries
for all machine perfused livers.”* This would be an ideal
resource to allow us to compare different techniques when
the right variables are collected, and the methodology is
standardized. With artificial intelligence or computerized
analysis of all biomarkers obtained during perfusion and
posttransplant, we may be able to create and validate via-
bility criteria.

Decisions to adopt interventions at the policy level
depend not only on the evidence around their effects on
clinical outcomes but also on costs of care.’* Clinical tri-
als involving MP are very expensive. Costs of acquisition
of the pump itself and the expensive disposable cassettes
required for each case are limiting for many institutions.
The necessary ties of such trials to industry potentially
create conflicts of interests,’® but these can be managed
by complete transparency and by ensuring that the trials
are run and data analyzed with independent oversight. MP
requires equipment that may cost hundreds of thousands
of dollars for the device itself, in addition to which there
are costs of disposables (as high as US $50000 per graft),
and perfusate components.** Trials that require initiation
of MP at the donor hospital can potentially add additional
logistical challenges and costs. An extra member of the
perfusion team is needed to set up and run the liver perfu-
sion. Transporting the machine and additional personnel
can add to the complexity of the transportation logistics to
and from the donor hospital.**

Trial designs for liver MP must be intelligently restruc-
tured to ensure that the trial cost is reduced and the maxi-
mum amount of questions are reliably answered. There is
also opportunity to incorporate novel trial designs in MP
that would allow researchers to potentially test multiple
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hypotheses without the need for large and expensive tri-
als using master protocols for new study designs—namely
platform, basket, and umbrella- or adaptive trial designs
(ATDs).*® Master protocols are novel designs that inves-
tigate multiple hypotheses through concurrent sub-studies
(eg, multiple treatments or populations or that allow add-
ing/removing arms during the trial), offering enhanced
efficiency and a more ethical approach to trial evaluation.
It allows to evaluate multiple hypotheses, and the general
goals are improving efficiency and establishing uniformity
through standardization of procedures in the development
and evaluation of different interventions. Master protocols
may be tailored and adapted to suit the research objec-
tives of multiple clinical indications, but master protocols
have not been well established in fields outside of oncol-
ogy.*® It may be possible through a coordinated effort by
researchers, the pharmaceutical industry, and regulatory
bodies, that master protocols can be implemented in trans-
plantation.*® They may feasible and especially important
when clinical trials involving target molecular therapy dur-
ing machine preservation are implemented.’” For a litera-
ture review as a landscape analysis of master protocols,
please see Park et al.’® Other alternative is to use ATDs.
This is a methodology in which a clinical trial adapts as
the trial proceeds depending on the outcomes of patients
enrolled. The criteria for these decisions are set before the
beginning of the trial. An adaptive design is best used in
trials with short-term endpoints. Endpoints of ATDs can
be traditional clinical endpoints or surrogate endpoints
(biomarkers).

Appropriateness of Control Arms

The specific selection of a control arm is of critical
importance to the utility of an RCT and extrapolation
based on the assumed therapeutic benefits of other treat-
ments not tested in the trial are invalid. In most cases,
the control arm of an RCT should represent the standard
of care. A standard of care may be defined as a national
authority approved regimen (as the Food and Drug
Administration in United States), a consensus based “most
common treatment” or the standard protocol utilized at
a particular center.?"* In MP trials, controls have gen-
erally been standard static cold preservation (SCS) using
UW or HTK solution. However, there is increasing inter-
est by the transplant community to compare different MP
techniques. In contrast to trials in paired organs (kidneys,
lungs), liver MP clinical trials have distinct challenges to
prove superiority, as there is no natural ideal control arm
(the paired organ). In liver preservation studies, therefore,
there are both donor and recipient confounding variables,
some of which might require stratification (eg, DBD/DCD
status, age, degree of steatosis), and all of which contribute
to the need for a larger sample size.

Nonblinding Nature of MP Trials

As a general principle of clinical trials, the blinding of
both patients and investigators to the treatment investi-
gated is important to eliminate unconscious bias of data
reporting by both.>*¢" In trials assessing nonpharmacolog-
ical interventions (eg, surgical randomized clinical trials),
blinding is usually more difficult or impossible. A system-
atic review of surgical trials showed that blinding was
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explicitly stated for practitioners, patients, and outcome
observers in 3%, 37%, and 52%, respectively.®*

Unfortunately, in clinical trials with liver MP, it is
extremely difficult for investigators (ie, the transplant
team) to be blinded; this constitutes an important limita-
tion. This is intrinsic to the nature of the surgical proce-
dure, as MP cannulation, and backtable preparation of
the allograft are usually performed by members of the
same team and MP often occurs in the same operating
room as the liver transplant procedure itself.®> MP can be
complex and requires surgeons (usually investigators) to
perform the backtable dissection, cannulation, and perfu-
sion initiation. Due to the staffing limitations and avail-
ability at most transplant centers, it is difficult to replace
surgeons involved with the investigation with other sur-
geons or technicians not involved with the trial. Even if
this were not the case and a separate trial team carries out
the cannulation and perfusion, it is almost impossible for
the transplanting team to remain unaware of the arm to
which a particular liver belongs. It is vital therefore that as
far as possible, the endpoints of the trial should be based
on objective data-points and not vulnerable to subjective
observer bias. For example, a surgeon’s impression of the
quality of organ reperfusion is subjective (and therefore
a poor endpoint), whereas an anesthetist’s assessment of
the magnitude of the reperfusion syndrome, based on the
measured effect on blood pressure, can be objective (and
therefore a better endpoint).

Lack of Reliable Biomarker and The “Wash-Out”
Phenomenon

There is no reliable biomarker to predict clinical out-
comes in liver transplantation. In most clinical and
experimental liver ex situ studies, posttransplant serum
transaminases or early allograft dysfunction (EAD)®* are
used as an injury marker to compare the quality of liver
preservation.””***” The majority of clinical trials in liver
MP have also used EAD or transaminase peak as their pri-
mary end-point” (Tables 2 and 3). It should be noted that
these endpoints have been used in the context of livers pre-
served by SCS but not confirmed in the context of MP.*>%¢

Perfusate transaminases (as opposed to postoperative
systemic levels of transaminase) have been used (typi-
cally in combination with graft lactate clearance and bile
production) during NMP to determine the viability of a
particular graft for implantation.””*®¢” Transaminase lev-
els may be influenced by the age of the donor, steatosis,
ischemia time, among other factors. Perfusate transami-
nases should be normalized for liver weight and perfusate
volume to allow comparability with other perfusion sys-
tems and different livers.

There are several reasons why peak transaminases and
consequently EAD are not primary endpoints of choice
in a MP clinical trial. Evidence comes from a number of
sources:

1. Transaminase levels in acute hepatitis: In ischemic and
toxic hepatic injury, transaminase levels fall rapidly with
both recovery and necrosis; these are therefore a poor indi-
cator of recovery.?® Serum transaminase levels do not cor-
relate with survival in the context of acute autoimmune
hepatitis: indeed, in the study of Al-Chalabi et al patients
in the highest tertile of AST level had superior survival
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(avoidance of liver transplantation or death) to those in the
lower tertiles, although it is notable that the latter patients
had higher incidences of cirrhosis. There was some correla-
tion between histological necroinflammatory activity and
AST level.®”

. Transaminase levels following nontransplant liver resec-

tion surgery: In an analysis of 651 hepatic resections, of
which 58% underwent inflow occlusion, Boleslawski et al
showed that peak postoperative transaminase levels did
not correlate with duration of inflow occlusion or with
postoperative complications.70

. Transaminase levels in the deceased liver donor: Donor

transaminase is a poor predictor of posttransplant graft
survival. Cuende et al analyzed data from 5150 liver trans-
plants, showing no significant association between donor
peak transammase and graft survival in a Cox regression
analysis.”! In a retrospective study of UNOS data (2007-
2016), Feng et al analyzed SRTR data from 20023 liver
transplants, showing that donor AST levels were not an
independent predictor of graft outcome: donor AST level is
therefore not a component of the donor risk index calcu-
lation.” Similarly, the Eurotransplant Donor Risk Index,
based on analysis of 5939 transplants, does not include
donor transaminase because this was not shown to be
a 51gn1ﬁcant independent variable with respect to graft
survival.”? In a retrospective study of UNOS data on all
deceased donors liver transplants between 2007 and 2016
(n=59050), Kaltenbach et al categorized donors into
6 study groups according to peak ALT (<499, 500-749,
750-999, 1000-1999, 2000-2999, and >3000 IU/L). They
found evidence that preretrleval transammase level does
not predict posttransplant outcome.”* Single center cases
series have reported successful transplants even when the
donor peak transaminases are extremely hlgh

. Posttransplant transaminase levels: There is evidence of an

association between peak levels and transplant outcome,
and this has been traditionally used as a surrogate endpoint
for liver preservation studies in clinical and experimental
transplantation. However, there is no linear correlation
between the levels of transaminases and poor outcomes.
Rosen et al showed the primary nonfunction rates were
significantly correlated with peak postoperative AST lev-
els and 12-month graft survival when the AST was >2000
IU/L. The effect on 12-month patient survival was lim-
ited to patients with the most extreme AST levels (>5000
IU/L)—the difference in the effects on graft and patient sur-
vival being a function of Retransplantation.”® Eisenbach et
al analyzed 328 patients and demonstrated that high peak
levels of AST were significantly correlated to graft loss or
death.® Robertson et al analyzed 1272 patients from a sin-
gle institution, showing that AST levels correlate strongly
with early graft failure on day 3 and on day 7 postopera-
tively.%® Conversely, Gaffey et al correlating the peak of
AST and ALT with postop biopsy finding concluded that
transaminase levels are not useful in the diagnosis of pres-
ervation injury.”’ Anecdotally, good graft function has been
reported even when the early posttransplant AST level was
as high as 17600.

. Dilution and wash-out of transaminase: Postoperative

transaminase levels are likely to be influenced by the size
of the liver, the process of MP and volume of perfusate
(“wash-out” phenomenon). 43445463 Most studies have not
normalized the transaminases by the liver weight. Organs
that are machine perfused either are flushed with a larger
amount of preservation solution (extra liters) or reperfused
and oxygenated leading to release of transaminases accu-
mulated in the graft to the perfusion circuit (perfusate) and
not in the recipient immediately posttransplant. This leads
to different concentrations of metabolites and biomarkers
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such as cytokines, AST, and ALT in the graft at the time
of implantation, leading to different levels postoperative
(wash-out phenomenon). Because transaminases have a
long half-life (17=5h for AST, 47+10h for ALT),*®%! the
posttransplant transaminase levels in recipients of grafts
that were not machine perfused often have higher levels,
while recipients that received MP grafts have artificially or
“falsely” lower levels,*>#43463

Little is known about the early postoperative param-
eters that can be used as valid predictive indices for liver
transplant outcomes and several early posttransplant
tests and scores (composite endpoints) have been pro-
posed.®> The most commonly used definition of EAD
was by Olthoff et al®* uses transaminase peak (AST or
ALT>2000 IU/L) within the first 7 days, Bilirubin >10 mg/
dL on day 7,INR>1.6 on day 7, and is therefore prone to
bias. MEAF uses the same parameters as EAD by Olthoff
but the max value at the first 3 days. This score has been
shown to be more granular, with scores that varies from 0
to 10, and more reliable that EAD by Olthoff.®*®5 There is
likely underestimation of EAD in MP livers due to lower
transaminase peak after passive release into the perfusate
after large volume of flush solution of liver grafts or active
release of transaminases into the perfusate after reoxygen-
ation under normothermic temperature. The transaminase
peak usually happens in the first 24 hours posttransplant,

Perfusate flow and composition
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affecting the EAD rate as well.**” To support this finding
of the influence of transaminases on EAD, in a large ran-
domized study, Nasralla et al found that the difference in
EAD rate between MP and SCS preservation was largely
due to the transaminase values.’® Therefore, transaminases
peak and commonly used definition of EAD that takes into
account transaminases peak should preferably not be used
as a primary endpoint in MP trials.””****88 EAD likely
needs to be redefined, modeled, and validated in the setting
of machine preservation. Attempts to add other parameters
like platelet count or factor V as a biomarker of EAD have
been recently proposed.®””® A new EAD formula involv-
ing both liver synthetic function and injury markers as a
continuum instead of a binary use as previously described
by Olthoff et al should address this limitation. In fact, the
newly proposed parameter, the L-GrAFT risk score, is
claimed to be highly accurate, predict 3-month graft fail-
ure posttransplant that is more accurate than existing EAD
and MEAF scores.®”’!

Viability Markers Used During Machine Perfusion

Ex situ liver MP is believed to offer a platform to assess
viability of grafts before transplantation. They can be
assessed for appearance and consistency, hydro/hemody-
namics, metabolic, and excretory function (Figure 1). NMP
is most commonly used to assess liver viability because the

/"‘ Visualization and Consistency

-Homogenicity of perfusion
-Soft consistency

L

N

4

’

4
- &
=
Hydrodynamics

"treaao.p -Stable hepatic artery flow=150mL/min
-Stable PV flowz500mi/min
-Vasodilatory response

FIGURE 1. Viability criteria proposed during liver machine perfusion. Hepatocyte function can be tested by evaluating hydro-/
hemodynamics (flow, resistance, and pressure), perfusate and bile composition, and other biomarkers. Cholangiocyte function (bile
duct) can be assessed by evaluating bile flow and composition. ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN,

blood urea nitrogen.
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organ is maintained in a near-physiological state. Viability
testing during hypothermic machine perfusion (HMP) is
possible but more challenging since hepatic metabolism is
markedly reduced and bile production is minimal. There
is no consensus on the viability criteria, but the main can-
didates are perfusate lactate clearance, maintenance of a
physiological pH in the perfusate, maintenance of glucose
metabolism, bile production (if NMP), Bile pH, among
others.'*"*?2%¢ For viability assessment during HMP, the
only injury biomarker that has been proposed is real time
measurement of flavin mononucleotide (FMN), which is
released upon injury to mitochondrial complex I.”° There
are few clinical studies investigating viability assessment
during MP with promising results. However, there is to
date no randomized clinical study that validated these
criteria with posttransplant outcomes. This is of critical
importance because it is the only way to prove MP can reli-
ably make nontransplantable organs transplantable.'®!"!”

With artificial intelligence/machine learning analysis of
all biomarkers obtained during perfusion and posttrans-
plant, we hope to create and validate more reliable viabil-
ity criteria to predict EAD.

Selection Bias, Randomization, and Intention to
Treat Analysis

As with all clinical trials, it is essential to identify and
mitigate sources of selection bias in trials of perfusion
technology. There is a general presumption that clinical
trials are not susceptible to selection biases that are com-
mon to observational studies. However, selection biases
can have marked impact on the findings of clinical tri-
als. 213286062 There are several measures that we can take
when designing clinical trials (Table 4). The International
Committee of Medical Journal Editors recommends that
all journal editors require the registration of clinical tri-
als in a public trials registry at or before the time of first
patient enrollment as a condition of consideration for
publication®” (Clinical trial registration. A statement from
the International Committee of Medical Journal Editors.
Available from: http://www.icmje.org/recommendations/
browse/publishing-and-editorial-issues/clinical-trial-regis-
tration.html). A detailed description of the trial in open
source platforms for trial registries preferably in English
language (clinicaltrials.gov, EudraCT, ISCRNT, and other
national registries) or, when possible, manuscript publica-
tion of study protocols’ ' would allow us to enhance
transparency of research, reduce publication bias, and pre-
vent selective reporting of research outcomes.*>®

Common sources of selection bias in RCTs that can arti-
ficially increase treatment effects include poor application
or design of the allocation process and incomplete or lack
of blinding (discussed above). The proper time of randomi-
zation for MP depends on the objective of the study. For
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example, if the primary intention is to assess superiority
of the preservation and compare posttransplant outcomes,
the randomization time should be after final organ accept-
ance (after graft assessment by the procuring surgeon and
liver biopsy). Randomization before final acceptance of
the graft might enable selection bias, although we recog-
nize that this may create logistical challenges depending
on whether the trial design involves perfusion initiation at
the donor hospital or at the transplant center. Achieving
good outcomes with perfused grafts that were declined by
all other local centers does not necessarily mean that MP
was responsible for graft rescue or transplantability of the
organ. At this time, there are no definitive viability criteria
and the decision whether to transplant or discard a liver is
subjective and often dependent on the particular practices
of the transplant center itself.'"* There are several reports
showing good outcomes with livers that were declined by
all other centers without machine preservation.'”""'% The
primary disadvantage of randomization at the time of final
acceptance is that the perfusion device would need to be
transported to the donor center regardless of which study
arm the organ is randomized to in studies designed to ini-
tiate perfusion at the donor hospital. Alternatively, if the
objective of the study is to assess organ utilization, then
randomization should be done as early in the process as
possible, ideally at the time of the organ offer or even at
the time of listing the patient for transplant.

It is very important that the statistical analysis is based
on an intention to treat analysis. Intention to treat analysis
is a comparison of the treatment groups that includes all
patients as originally allocated after randomization. This
is the recommended method in superiority trials to avoid
any bias. An additional “as treated” analysis will give
some impression of the possible effect of “cross-over” allo-
cation—grafts that were allocated to 1 group but treated
with the other protocol (eg, allocated to MP but cold-
stored because the MP machine was not available or not
functioning). We also recommend a detailed description of
all grafts that were discarded in each study arm (before or
after perfusion) or any equipment failure so that the trial
report can provide a narrative of every organ that has been
randomized: this is an important way to detect selection
bias (eg, the decision to exclude an organ from a trial may
be subject to investigator/clinician bias).

Reallocation of Grafts When the Accepting Center
Declines a Graft or the Intended Recipient Is No
Longer a Candidate for Transplant

Transplant centers and Organ Procurement Organizations
should develop a contingency plan to reallocate perfused liver
grafts to avoid allocation delays or graft discard if a perfused
liver cannot be used. This situation arises when the intended
recipient, who had consented to the trial, becomes ineligible

TABLE 4.

Review criteria for the analysis of quality of clinical trials (modified from J Schold JD200821)

- Is there documentation on nonparticipants and characteristics of excluded subjects?
- Is the method of randomization and allocation appropriate and well described?

- Is the analysis conducted on an intention-to-treat or on-treatment basis?

- Is the interpretation of the trial results concordant with the data, particularly for the primary end
- Are all relationships of investigators, handlers, and analyzers of the study data third parties disclosed?
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TABLE 5.

ILTS SIG “DCD, Preservation and Machine Perfusion” 12 recommendations for conducting clinical trials in liver MP
preservation

ILTS SIG recommendations of the working group

—_

Nomenclature standardization/Consensus (allow comparisons and meta-analysis) according to Karangwa et al®

Pretrial registration of study protocol in public trial registries like (clinicaltrials.gov, EudraCT, others) and publication in peer-reviewed journals.

Preference of randomized trials and meta-analyses of existing trials. Preference to include ECD grafts (DCD, older, steatotic grafts). Support of trials

looking into organ viability criteria as well.

4 Randomization time should depend on the primary outcome:

- At the time of patient listing (to assess/compare organ utilization rate)

- At the time of organ offer (to assess/compare organ utilization rate)

- At final organ acceptance (after visualization/biopsy at the donor hospital): To assess/compare posttransplant outcomes

Support for multicenter consortia trials.

Creation of an international registry of all cases of machine perfusion/NRP in Liver transplant.

Preference to use of clinical data (1-y graft survival, 1-y patient survival, ITBL/biliary complication rates, LOS, ICU stay, AKI/HD need, overall

complication rate, costs, etc) as primary outcomes instead of surrogate laboratory endpoints (until there is a validated endpoint). Consideration of

mortality on the waitlist as endpoint.

8 Support for trials that compare specific MP techniques with standard preservation technique (static cold preservation) first before comparing different
MP techniques. Then, compare HMP with NMP/NRP.

9 Redefinition of Early allograft dysfunction (Validation of composite endpoints of EAD in MP trials).

10 Intention-to-treat analysis. Detailed description/report of every graft that was damaged/lost during MP.

11 Collection of biospecimen (perfusate, bile, liver, and bile duct). Postreperfusion protocol biopsies and assessment of IRI by standard damage scores

(eg, Suzuki for liver parenchyma, and Op den Dries/Hansen for Bile duct).’'"'®
12 Contingency plan. Back-up allocation system in case the primary team declines the graft after reperfusion because of graft performance or the

wW N

~N o O

intended recipient of a perfused liver can not undergo transplant (avoid surprises and allocation delays).

References in this table include studies by Karangwa et al,>* Suzuki et al,""” and Op den Dries et al.'"®
AKI, acute kidney injury; DCD, donor after circulatory death; EAD, early allograft dysfunction; ECD, extended criteria donor; HMP, hypothermic machine perfusion; ICU, intensive care unit; ILTS, International
Liver Transplantation Society; IRI, ischemia-reperfusion injury; ITBL, ischemic type biliary injury; LOS, length of stay; MP, machine perfusion; NMP, normothermic MP; SIG, special interest group.

at or shortly before the planned start time of the transplant
because of pre or intraoperative hemodynamic instability of
discovery of findings that were not known in advance (eg,
intraoperative finding of advanced cancer). There may be
other instances in which the accepting program places the
organ on the perfusion device as part of the trial and then
declines it because of poor graft performance during the per-
fusion. If possible, the organ should be allocated according to
the standard organ allocation rules, to the next recipient on
the match run list even if not enrolled in the trial, or in a non-
participating center (ie, not simply the next patient consented
in the trial). If the graft is being preserved using a still-exper-
imental technology (not yet approved by regulatory authori-
ties), the recipient would have to provide consent to receive
this graft and it may require ethical approval by the institu-
tional review board. Centers enrolled in trials should address
the issue of reallocation with other centers in their allocation
area in advance to ensure that sharing protocols are alreadsy
in place to prevent delays in the organ reallocation process.”
As part of this, centers should agree whether the graft should
remain on perfusion until arrival in the other center or if it
should be repacked in standard cold static preservation.

Conflict of Interests and Relation With Industry

It is well known that any trial can be affected by con-
flicts of interest.”> Machine perfusion clinical trials are
very expensive, and some have been supported or partially
supported by industry. We acknowledge that the relation-
ship of academic institutions with industry is important.
Conlflicts of interest should be clearly stated, and the way
to do this is well established. The role of external (par-
ticularly commercial) parties on trial design and analysis

should be clearly stated, including holders of data and the
responsible parties for analysis, as these relationships have
the potential to impact study validity and interpretation.'!

RECOMMENDATIONS

Our working group attempted to provide recommenda-
tions based on the GRADE methodology and acknowl-
edge the current knowledge gap in this recent field. The
first guidelines proposal for MP trials was initiated by
the American Society of Transplant Surgeons’ (ASTS)
Standards Committee in 2018.>* Some of our recommen-
dations overlap this report. After thorough analysis and
discussion, we concluded that we do not have all the ele-
ments to make recommendations based on the GRADE
methodology. However, based on expert opinion, our
working group proposed 12 recommendations (Table ).

CONCLUSIONS

Machine perfusion preservation is a promising approach
in liver transplantation.'”'* In the last 10 years, many clini-
cal trials in ex situ liver MP have been of limited quality and
with specific limitations and pitfalls.””'>!'”** Many of these
flaws can be avoided in future studies by well-designed pro-
tocols. The majority of MP clinical trials have been under-
powered and some do not have clinically significant primary
endpoints. Although some of the evidence is very promising,
there is clear need for more information from high qual-
ity and appropriately powered trials. Scores to predict EAD
need to be validated in the setting of liver MP trials. As we
are moving from an early phase to maturation phase, certain
key elements of the design and reporting of clinical trials in
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liver MP should be standardized. Standardization of data
collection and reporting will allow comparisons of trials
and meta-analysis. Optimum trial design and interpretation
of data will increase the quality of the output, contributing
to patient safety and advancing the field.
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APPENDIX

ILTS Special Interest Group “DCD, Preservation and Machine Perfusion™:

Chair: Paulo N. Martins MD, PhD, FAST, FEBS, FACS (Univ Massachusetts, United States) Vice-chair: Michael Rizzari
MD (Henry Ford Hospital, United States); Members: Magdy Attia MD (Leeds, United Kingdom) David Ghinolfi MD,
PhD (Pisa, Italy); Ina Jochmans MD, PhD (Leuven, Belgium) Rajiv Jalan MBBS, MD, PhD, FRCP, FRCPE, FAASLD.
University College London (United Kingdom) Peter Friend MD (Oxford, United Kingdom); Attendees of the smaller-
subgroup workshop: Dieter Broering, Al Faisal University, Riyadh, Saudi Arabia; Michael Grat, Medical University of
Warsaw, Warsaw, Poland; Jean Gugenheim and Zhiyong Guo, The First Affiliated Hospital, Sun Yat-sen University,
Guangzhou, China; Andrew Jacques, Kysela Marek, and Valeria Mas, School of Medicine the University of Tennessee
Health Science Center Memphis, TN; Damiano Patrono, University of Turin Medical School Hospital, Turin, Italy;
Daniele Dondossola, Fondazione IRCCS Ca’Granda, University of Milan Medical School Hospital, Milan, Italy; Elizabeth
Pomfret, Colorado University, Denver-Co, United States; Patricia Ruiz, Biocruces Bizkaia Health Research Institute. Liver
Transplantation Unit, Hospital Universitario Cruces, Bilbao, Spain; Sandra Spiritelli and Waldemar Patkowski, Medical
University of Warsaw, Warsaw, Poland.; Peter DeMuylder, Organ Recovery Systems, Zaventem, Belgium.; Rutger Ploeg,
University of Oxford, Oxford, England; Hynek Mergental, Queen Elizabeth Hospital, University Hospitals Birmingham
NHS Foundation Trust, Birmingham, United Kingdom; Invited Faculty (panel of experts): For a list of their biographie
please go to: https://wp-ilts-media.s3.amazonaws.com/wp-content/uploads/2020/01/29161208/02-Final-ILTS-Venice-
2020-Meet-The-Faculty.pdf; Faculty listed in alphabetic order of last name: Peter L. Abt, MD, Hospital of the University
of Pennsylvania, Philadelphia, PA; Magdy Attia, MD, MS, FRCSGen, MBBCh, Leeds Teaching Hospitals, Leeds, United
Kingdom; PIERRE-A. CLAVIEN, MD, PhD, FACS, ASA, FRCS, FRCS, University Hospital Zurich, Zurich, Switzerland,;
Miriam Cortes Cerisuelo, MD, PhD, King’s College Hospital, London, United Kingdom; Kristopher P. Croome,
MD, Mayo Clinic, Jacksonville, Florida, FL; Olivier Detry, MD, PhD, University of Liege, Liege, Belgium; Federica
Dondero Pozzo, MD, Beaujon Hospital, Paris, France; Philipp Dutkowski, MD, FEBS, University Hospital Zurich,
Zurich, Switzerland; David Foley, MD, University of Wisconsin School of Medicine and Public Health, Madison, WI;
Constantino Fondevilla, MD, PhD, Hospital Clinic, Barcelona, Spain; Juan Carlos Garcia-Valdecasas Salgado, MD, PhD,
Hospital Clinic University of Barcelona, Barcelona, Spain; Mikel Gastaca, MD, Cruces University Hospital, Bilbao,
Spain; Davide Ghinolfi, MD, PhD, Universita di Pisa, Pisa, Italy; James Guarrera, MD, FACS, New Jersey Medical School,
Newark, NJ; Zhiyong Guo, MD, PhD, Hospital of Sun Yat-sen University, Guangzhou, China; Nigel Heaton, MD,
FRCS, King’s College Hospital, London, United Kingdom; Roberto Hernandez-Alejandro, MD, University of Rochester
Medical Center, Rochester, NY; Amelia Hessheimer, MD, Hospital Clinic, Barcelona, Spain; Rajiv Jalan MD, PhD, MBBS,
FRCPE, FRCP, FAASZD, University College London, London, United Kingdom; Ina Jochmans, MD, PhD, University
Hospitals Leuven, Leuven, Belgium; Marit Kalisvaart, MD, PhD, University Hospital Zurich, Zurich, Switzerland,;
Daniel Maluf, MD, UT/Methodist Transplant Institute Memphis, Memphis, TX; Paulo Martins, MD, PhD, The University
of Massachusetts Medical School, Worcester, MA; Eduardo Mifiambres, MD, PhD, Hospital Universitario Marques de
Valdecilla, Santander, Spain; Paolo Muiesan, MD, The Queen Elizabeth Hospital, Birmingham, United Kingdom; David
Nasralla, BMBCh, MA, MRCS, University of Oxford, Oxford, United Kingdom; Gabriel Oniscu, MD, Royal Infirmary of
Edinburgh, Edinburgh, United Kingdom; Jacques Pirenne, MD, MSc, PhD, UZ Gasthuisberg, Leuven, Belgium; Wojciech
Polak, MD, PhD, Erasmus MC, Rotterdam, The Netherlands; Robert J. Porte, MD, PhD, FEBS, University Medical Center
Groningen, Groningen, The Netherlands; Cristiano Quintini, MD, Cleveland Clinic, Cleveland, OH; Michael Rizzari,
MD, Henry Ford Transplant Institute, Detroit, MI; Eric Savier, MD, University Hospital Pitié-Salpetriére, Paris, France;
Andrea Schlegel, MD, The Queen Elizabeth Hospital, Birmingham, United Kingdom.; C. Burcin Taner, MD, FACS, Mayo
Clinic Florida.; Christopher J.E. Watson, MD, Cambridge University Hospitals, Cambridge, United Kingdom.
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